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Abstract 
Manzanilla and Frantoio olive cultivars are highly productive, produce quality fruit and oil 
and are widely cultivated in various olive growing countries in the world including Australia. 
Information is very limited on the effects of different factors, especially the growth changes 
in ripening fruit, effect of harvesting time, concentration and application time of ethephon on 
the quality attributes of cvs. Frantoio and Manzanilla olives. Considering this view, the 
current study was conducted on 15 year old fully productive, self-rooted, olive trees during 
2013 and 2014 in the same grove to observe the growth and development of olive fruit, to 
explore the effects of different harvesting times, different concentrations and time of 
application of ethephon on the physical, biochemical and sensory attributes of cvs. Frantoio 
and Manzanilla olives grown in south-western Australia. All experimental trees received 
supplementary irrigation depending upon rainfall. The physical parameters such as fruit 
weight, fruit volume, fruit length, fruit width, pulp weight, stone weight, pulp/stone ratio and 
fruit ripening index increased significantly (P ≤ 0.05) until 150 to 175 days after full bloom 
with the progress of the growth and development period, irrespective of the cultivar. The cv. 
Manzanilla showed higher average values for these parameters and they were also higher in 
2013 than in 2014. The physiological parameters (production of ethylene and respiration) and 
fruit firmness declined significantly with the progress of fruit growth. Ethylene peak was 
observed after 190 days after full bloom. The respiration peak appears after 175 days in cv. 
Manzanilla and after 190 days of full bloom in cv. Frantoio in both years, and cv. Frantoio 
showed significantly higher respiration rate than cv. Manzanilla. 
      Manzanilla cv. showed higher fruit removal force, moisture content (%) and oil 
content (% dry weight) than cv. Frantoio irrespective of the harvesting period. Furthermore, 
lowest moisture and oil content were observed in the driest harvest year, 2014. The fatty 
acids showed significant increase (free fatty acid, palmitic acid, stearic acid, linoleic acid) or 
decrease (peroxide value, oleic acid, MUFA, PUFA and MUFA:PUFA ratio) with the delay 
of harvesting from first (mid-April) to fifth (mid-June) periods in both of the years, 
irrespective of the cultivar. A significant gradual decrease was noted in major polyphenol 
compounds from first to fifth harvest. The concentration of phenolic compounds was 
comparatively high in the fruit harvested in 2014. The sensory attributes deteriorated with the 
delay of harvesting. Water stress possibly influenced the bitterness in the fruit in 2014.  
Abstract 
 
v 
 
      Application of single spray of ethephon significantly increased the level of ethylene 
production, ripening index, fruit and leaf abscission and peroxide value of olive oil with the 
increase of applied ethephon concentration in comparison to the control treatment. Ethephon 
treatments also significantly increased the level of most of the fatty acids, however, oleic 
acid, MUFA and MUFA/PUFA ratio decreased with the increase of ethephon concentration. 
Concentration of different polyphenols (hydroxytyrosol, tyrosol, oleuropein, and total 
polyphenol) and levels of sensory attributes (fruitiness, bitterness and pungency) decreased 
significantly with the increase of ethephon concentration. Effect of ethephon on the fruit 
moisture (%) and oil (% fresh and dry weight basis) content of the olive fruit were non-
significant. Among the applied concentrations of ethephon, 1000 to 2000 mg L-1 in 2013 and 
1000 to 1500 mg L-1 in 2014 did not show significant differences for the studied parameters.  
      Significantly increased ripening index (RI) (4.84), fruit and leaf abscission (95.92% 
and 27.44% respectively ), free fatty acids (0.42%), peroxide value (11.02 meqO2 kg-1), 
palmitic acid (13.19%), stearic acid (4.19%), linoleic acid (11.12%) and PUFA (11.60%) 
were observed when the olive trees were sprayed with ethephon at four weeks before 
harvesting. Significantly reduced phenolic compounds (3.91, 6.05 and 59.54 mg/kg-1 
hydroxytyrosol, tyrosol and oleuropein respectively) and sensory attributes (1.74, 1.51 and 
1.72 scores for fruitiness, bitterness and pungency respectively) were also noted from this 
treatment. However, the ethephon application periods did not differ significantly effects on 
the parameters.   
      It could be concluded, that the growth parameters increase with the progress of fruit 
growth until 175 days after full bloom and physiological parameters show a declining trend 
during this period with a peak at 175 to 190 days after full bloom. The harvesting of olive 
fruit during the early part of winter delivered olive oil with better attributes while climatic 
conditions such as water stress negatively influences the quality attributes of olive fruit. The 
most suitable concentration of ethephon to treat olive trees would be considered as 1000 – 
1500 mg L-1 and the suitable period of ethephon spray to olive trees would be at least two 
weeks before harvesting the fruit. 
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Chapter 1 
General Introduction 
Olive (Olea europaea L.) is a member of the Oleaceae family which is considered as 
monophyletic on the basis of several morphological synapomorphies. The olive trees 
have opposite, simple or compound leaves without stipules. The flowers are 
hypogenous and tetramerous, with two stamens. The corolla is actinomorphic and 
usually sympetalous (Wallander and Albert, 2000). Olive is one of the most 
important and widely grown fruit trees in the Mediterranean basin which is an 
emblematic species (Loumou and Giourga, 2003). Domestication of olive may have 
occurred in many places around the Mediterranean basin and at different times, 
however early evidence suggests the Levant coast some 8000 years ago. Also olive 
cultivation is believed to have taken place on the island of Crete during the Minoan 
period around 1500–3000 BC (Riley, 2002). Currently olive is one of the most 
extensively cultivated fruit crops in the world and its cultivation area has tripled in 
the past 45 years, from 2.6 to 8.6 million hectares. About 73% of the global olive oil 
production comes from European Union countries where Spain, Italy, and Greece 
contribute 97% of European production and Spain alone accounts for more than 40% 
of the world’s olive oil production (Conde et al., 2008). Olive is grown over an area 
of 10.31 million ha in the world with about 95% in the Mediterranean basins 
(FAOSTAT, 2014) such as Southern Australia, Americas, South Africa and part of 
New Zealand (Kailis and Harris, 2007).  
      Olive is one of the oldest cultivated fruit from which oil has been extracted. 
It provides perfect balance of aroma, taste, flavour and health benefits (La Lastra et 
al., 2001). Olive was introduced in Australia as early as 1800 with the start of 
European settlement (Spenemann, 2000). In Australia, there are around 10 million 
olive trees grown on over 800 orchards and spread over an area of 30,000 hectares. 
About 90% of olive oil in Australia is produced from 10 major cultivars of olive, 
which are Coratina, Picual, Arbequina, Frantoio, Barnea, Leccino, Corregiola, 
Manzanilla, Koroneiki, and Pendolino, and the major olive production areas are 
North-central Victoria and north of Perth, Western Australia with an estimated 70% 
of Australia’s current production (Anon, 2010). In Western Australia, nearly 2 
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million olive trees were counted in 2007 and these produced 1.4 tonnes of oil in 2006 
(Department of Agriculture and Food WA, 2007). Export of olive oil from Australia 
has increased sharply from 500 tonnes in 2003 to 8000 tonnes in 2010. On the other 
hand, Australian import of olive oil stabilised in the last decade with 30,000 tonnes 
in 2000 and an estimated 29,000 tonnes in 2010. Australian extra virgin olive oil 
production is valued at around $AUD 68.4 M in 2010 (IOC, 2010). Extra virgin olive 
oil represents 95% of the whole Australian olive oil production and is considered top 
quality having gained awards in national and international competitions. Moreover, 
olive production value in retail markets is estimated at over $185 M’ in 2009 (Anon, 
2010). Among the cultivated olives in Australia, Frantoio and Manzanilla are two 
major cultivars originating in Italy and Spain respectively. Frantoio produces heavy 
crops of small olives with a very high oil content which is well known as the 
benchmark for olive oil in Italy. It is an extremely adaptable crop to diverse and 
harsh climatic conditions and is an excellent source of quality oil. The fresh oil from 
cv. Frantoio is quite strong/bitter and is therefore used widely often in Tuscan extra 
virgin olive oil and as a blending oil to increase the flavour and shelf life of less 
distinct cultivars. cv. Manzanilla is a medium sized olive with a medium to high oil 
content. It is well known as a green pickling fruit, though considered as the best dual 
purpose olive cultivar worldwide. cv. Manzanilla gives a heavy yield in mild 
climates and due to size and its firm flesh it processes easily 
(http://www.oliveaustralia.com.au). 
      Generally, olive oil and table olives contain fatty acids, polyphenols, 
tocopherols, Vitamin E, sterols and carotenoids and minerals which are considered to 
benefit human health when consumed (La Lastra et al., 2001). Intake of olive oil 
reduces harmful cholesterol of Low Density Lipoprotein (LDL) (Psaltopoulou et al., 
2004) and this is related withe contain of antioxidant (polyphenols and tocopherols) 
and oleic acid in olive oil. Furthermore ,oleic acid is the major olive oil fatty acid, is 
monounsaturated fat and occupies around 55% to 83% of total fatty acids in virgin 
olive oil (VOO)  the IOC stander range  ( Aparicio, 1999; Beltran, 2000; Mailer et 
al., 2005 ) depending on cultivar, growing conditions and possibly technological 
intervention. Total polyphenols in olive oil ranges between 50-1000 mg L-1 
(Salvador et al 2001; Aguilera et al., 2005; Youssef et al., 2010). Phenolic 
antioxidants present in extra virgin olive oil are potent inhibitors of oxidation and 
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reduce cancer risk (Owen et al., 2000). The o-diphenol family has been identified as 
the major antioxidant component and maintains the sensorial properties of extra 
virgin olive oils (Lavelli, 2002). The concentration of health benefit compounds in 
virgin olive oil is affected by different agro-ecological factors and cultural practices 
including cultivar, maturity stage, location, soil, irrigation systems, environmental 
factors, production and oil extraction process  (Nergiz, 2000; Ranalli et al., 2001; 
Patuumi et al., 2002; Kalua et al., 2005; Baccouri et al., 2008; Dag et al., 2011). 
      Quality indexes and fatty acid composition of the oil are mostly affected by 
maturity stage at harvest of olive fruit (Dabbou et al., 2011). Early ripening fruit 
contain significantly higher amounts of oil (%) (Salvador et al., 2001; Lavee and 
Wodner, 2004), though crop year and maturation phases of olive fruit affect the 
amount of total polyphenols in olive oil (Anastasopoulos et al., 2011). Maximum oil 
content was noted between the 60th and 75th day after the start of the maturation 
process (Camposeo et al., 2013). Lavee and Wonder (2004) reported uniform oil 
content in the mesocarp of black matured fruit of Barnea and Manzaillla cultivars. 
Beltran et al., (2004) also observed similar results and reported that the oil content 
may vary due to climatic conditions such as lower rainfall which may cause lower oil 
and higher dry matter content in olive fruit. Reduction in the value of peroxide, 
pigments, sensory scores, oleic acid and total sterols; and increase in the free fatty 
acids and linoleic acid were observed during ripening of cv. Cornicabra olive 
(Salvador et al., 2001). 
      Cultivation of olive oil is a labour and cost intensive task where harvesting 
of olive fruit consumes 50–80% of the total cost of production (Metzidakis, 1999). In 
many countries the harvesting of olive is done by hand over a period of two months. 
The ratio between fruit mass and pedicel's strength of olive fruit is relatively small as 
compared with other fruits and thereby a large force is required to remove the fruit 
by hand or be shaken off with a mechanical harvester (Ben-Tal and Wodner, 1994). 
To minimise the cost of olive production, mechanical harvesting systems combined 
with use of abscission inducing agent has gained popularity (Burns et al., 2005). 
Ethephon has been used to promote fruit abscission for easy picking or mechanical 
fruit harvesting of cherries (Bukovac et al., 1969), apple (Edgerton, 1968), olive 
(Hartmann et al., 1970), citrus (Young and Jahn, 1972), macadamia (Kadman and 
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Ben-Tal, 1983) and many others (Kays and Beaudry, 1987). Ethephon is a synthetic 
plant growth regulator which releases ethylene when it penetrates into plant tissues 
(Royer et al., 2006) and promotes pedicel's loosening to enable easy mechanical 
harvesting of olive fruit (Martin et al., 1981; Denney and Martin, 1994; Metzidakis, 
1999). However, a considerable loss of leaves is coupled with fruit loosening due to 
the effect of applied ethephon (Burns et al., 2008). To maintain the balance between 
fruit and leaf drop, researchers trialled alteration of doses, application timing and 
duration of ethephon (Lang and Martin, 1985, 1989). However, the results were 
unpredictable and variable in field conditions (Martin, 1994). Touss et al. (1995) 
applied different concentrations of ethephon and found that 1250 and 1875 mg L-1 
ethephon applied on conventional Arbequina olive trees increased the yield from 
mechanical harvesting by 20%. Additionally, ethephon also increased the amount of 
harvested fruit without significantly enhancing pre-harvest leaf drop and did not 
adversely affect flowering in the subsequent year and it showed little effect on oil 
acidity, peroxide value, and oil fatty acid composition. The extent of ethylene 
penetration into the plant cells and rate of ethylene evolution from the decomposition 
of ethephon depends on the growth stage of the fruit and ambient conditions 
including temperature and relative humidity ( Flore and Bukovac, 1982; Olien and 
Bukovac,1978, 1982; Kays and Beaudry, 1987; Beaudry and Kays, 1987). 
Application of ethephon (1250 mg L-1) was found to be effective in reducing the fruit 
removal force (FRF) (maximum of 73%) while the olive trees were treated two 
weeks before harvesting (El-Tamzini et al., 1980). However, Touss et al. (1995) 
reported non-significant effect of different concentrations of ethephon treatments 
when applied 12 days before harvest onto the trees of mechanically harvested 
Arbequina olives.  
      Olive oil from the major cultivars grown in Australia does not meet some 
of the chemical limits set by international standards (Mailer et al., 2010). There are 
limited studies reported from New South Wales (NSW), Australia, where it has been 
claimed that the olive fruit oil content increases rapidly until fruit maturity with 
maximum oil level differing with cultivar (Mailer et al., 2007; Zeleke et al., 2012). 
Significant effect of cultivation year and harvesting time on total polyphenols, 
chlorophyll concentration, palmitic acid and linoleic acid in oil from the olives 
grown in NSW, Australia, was also reported by Ayton et al. (2007) and Obied et al. 
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(2008). There is an enormous potentiality and economic importance of growing 
olives in Western Australia (WA) (Kailis, 1999). However, no information is 
available on fruit maturation stage, chemical composition and properties of the olives 
and extracted oil according to the ripening stages of the fruit grown in WA 
conditions characterised by a long, hot summer and a cold-wet winter. Olive fruit is a 
non-climacteric and the role of ethylene in olive fruit growth development and 
maturation has not yet been investigated in WA.  Information is also scarce on the 
response of Frantoio and Manzanilla olive to different ethephon concentrations and 
time of application in Western Australian conditions. Information on the effects of 
ethephon on olive oil composition is also limited (Cimato, 1988). Considering these 
views, the current study was conducted to investigate the growth, development and 
maturation of cvs. Frantoio and Manzanilla olives grown under south-western 
Australian conditions. It also aimed to facilitate mechanical harvesting by 
underpinning the effects of different harvesting times/stages of ripening, different 
concentrations and time of application of ethephon on physical (fruit removal force, 
fruit moisture and oil content), biochemical (level of fatty acids and polyphenols) and 
sensory attributes (fruitiness, bitterness and pungency) of cvs. Frantoio and 
Manzanilla olives in south-western Australian conditions. 
Therefore, investigations were conducted with the following objectives  
1. To investigate fruit growth, development and maturation in relation to 
endogenous ethylene production in cvs. Frantoio and Manzanilla olives 
grown in south-western Australian conditions. 
2. To evaluate the effects of different harvesting times on physical, biochemical 
and sensory attributes of cvs. Frantoio and Manzanilla olives and oil in south-
western Australian conditions. 
3. To underpin the effects of different concentrations and application time of 
ethephon on physical, biochemical and sensory attributes of cvs. Frantoio and 
Manzanilla olives and oil in south-western Australian conditions. 
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Chapter 2 
General Literature Review 
2.1. Introduction 
Olive (Olea europaea L.) is native to the Mediterranean region, central Asia and 
some parts of Africa. It is a member of the Olea genus which includes 30-35 species 
under the Oleaceae family. There are more than 2600 olive cultivars (Therios, 2009).  
Archaeological excavation has discovered that there are olive leaf fossils dating from 
the Stone Age eras (37,000BC) on Santorini Island, Greece (Therios, 2005). The 
native olive, Olea europaea L. ssp. europaea (var. sylvestris), and the cultivated olive 
Olea europaea L. ssp. europaea (var. sativa), are the main olive species in Mediterranean 
regions (Breton et al., 2006). Olives grow and fruit well under Mediterranean 
climates and in similar conditions such as experienced in southern Australia, The 
Americas, South Africa and part of New Zealand (Kailis and Harris, 2007).  
      The olive tree is a medium sized, long-lived evergreen tree which can grow 
up to a height of 15-20 m. It has a cylindrical trunk with an uneven surface bearing 
numerous swellings. The wood is a yellowish colour with darker features towards the 
centre of the trunk and the growing tips are characterized by apical dominance. 
Leaves are grey-green in colour and associated with each leaf is an axial bud that can 
develop into vegetative growth with some induced to become inflorescences after a 
winter chilling period. Each inflorescence contains 15-30 small white flowers that 
emerge in the spring. These flowers can be self and/or cross pollinated (Martin, 
1994). The olive fruit is a drupe, oval in shape consisting of epicarp (peel -1.0-3.0%), 
mesocarp (pulp- 70-80%) and endocarp (pit-10-27%). Collectively the pericarp 
consists of the skin and pulp. The young fruits are green in colour and become 
purplish-black through to the stone when completely ripe. The size of olive fruit is 
variable depending on cultivar, soil fertility, available water, fruit load and cultural 
practices (Therios, 2009). For oil extraction, the olive harvest time is determined by 
the pattern of oil accumulation that changes with growing conditions (Inglese et at., 
1996).   
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Olive oil is one of the oldest produced edible oils which provide perfect balance of 
aroma, taste, flavour, nutritional and health benefits. Olive fruit are rarely consumed 
directly from the tree because of their extreme bitterness due to oleuropein but are 
readily processed into edible products such as virgin olive oil or table olives (Menz 
and Vriesekoop, 2010). 
      Among the vegetable oils, virgin olive oil is unique as it contains high 
levels of antioxidants, such as polyphenols and vitamin E derivatives as well as 
numerous unsaturated fatty acids attributing to beneficial nutritional and health 
effects when consumed (Visioli and Galli, 1998; Menz and Vriesekoop, 2010) 
especially with a Mediterranean type diet. Moreover, table olives and olive oil 
provide additional nutrients, beta carotene, minerals and dietary fibre. The oil 
fraction of olives and olive oil contain a high level of monounsaturated fatty acids 
(up to 83% total of fat) and are rich in antioxidants that help to prevent body cell 
aging (Reichelt and Burr, 2000). Intake of olive oil reduces harmful low-density 
lipoprotein (LDL) without reduction in beneficial high-density lipoprotein (HDL) 
(Psaltopoulou et al., 2004). Extra virgin olive oil contains numerous phenolic 
antioxidants which are potent inhibitors of oxidation that have been reported to 
reduce the cancer risk (Owen et al., 2000). The physical, chemical, biochemical and 
physiological parameters of olive fruit and oil are largely determined by different 
factors including cultivar, growth stage of fruit or harvesting time, environmental 
factors, cultural practices and oil processing methods  (Ayton et al., 2001). This 
review, relevant to the research in this thesis will focus on the growth and 
development habit of olive fruit, effect of harvesting time and application of an 
abscission agent (ethephon) on physical, biochemical and sensory attributes of olive 
fruit and oil. 
2.2. Global olive and olive oil production and trade 
The olive industry experienced buoyant growth in Australia in the past decade 2003 -
2013, the harvest area of olive rose from 2000 hectares (ha) to 42000 hectares and 
the olive production from 3000 to 94000 tonnes respectively (Fig. 2.1).  
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Fig. 2.1 Area (M. ha) and production (M. tonnes) of olive in Australia (A) and in the 
world (B) from 2003 to 2013. (FAOSTAT, 2014)  
Whilst the world harvest area of olives rose from 8.85 million (M) ha to 10.31 
M ha, olives production rose from 18.4 M ton to 20.39 M ton (FAOSTAT, 2014). In 
addition, the total olive oil production in the world in 2013 was 3.27 M ton with the 
global olive oil production dominated by Spain in the last five years which produce 
(44% of total world production), followed by Italy 15% and Greece at 10% (Fig.2.2). 
Moreover, The European Union produced 71.7% of total olive oil production in the 
world in the same period (IOC, 2014).   
 
Fig.2.2. Major olive oil producing countries in the world during 2006- 2013 (IOC, 
2014). 
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World olive oil exports have increased in the last decade from 667,500 tonnes 
to 817,500 tonnes. Furthermore, Spain is the main exporter of olive oil with 310,000 
tonnes in 2013/2014 followed by Italy with 245,000 tonnes; Tunisia, Portugal and 
Turkey follow respectively (Table. 2.1). In contrast, the major importer of olive oil in 
the world in 2013/2014 was the United States of America (USA) with 302,500 
tonnes, followed by Brazil 72,000 tonnes, Italy 70,000 tonnes, Japan, Canada follow 
respectively and then Australia with 28,000 tonnes in 2013/2014. In addition, 
worldwide consumption of olive oil has grown slowly from 2,882,500 tonnes in 2003 
to 3,030,000 tonnes in 2013 (IOC, 2014). 
Table. 2.1. Major olive oil exporting countries of the world during 2013/2014             
(IOC, 2014).   
 
2.3. Growth and development of olive fruit 
Olive fruit is a drupe containing the exocarp or skin, the mesocarp or flesh, and the 
endocarp or pit consisting of a woody shell enclosing one or, rarely, two seeds. 
Mesocarp comprises 70–90% of total fruit weight followed by endocarp (9–27%) 
and seed (2–3%). In a mature olive fruit, the mesocarp contains about 60% water, 
30% oil, 4% sugars, 3% protein, and the rest is primarily fibre and ash. The endocarp 
contains 10% water, 30% cellulose, 40% other carbohydrates and about 1% oil. The 
seed has 30% water, 27% oil, 27% carbohydrates and 10% protein (Connor and 
Fereres, 2005). As olives develop, they display changes in size, composition, colour, 
texture and flavour. The composition of chemical and biochemical elements in olive 
Country                      Exportation (1000 tonnes)                   % Total world exportation 
 
Spain 
Italy 
Tunisia 
Portugal 
Turkey 
Syria 
Argentina 
Morocco 
Chili 
USA 
Others 
 
310.0 
245.0 
65.0 
54.3 
35.0 
25 
21.5 
11.0 
10.0 
6.0 
        34.7 
 
37.9 
29.9 
7.9 
6.6 
4.2 
3.0 
2.6 
1.3 
1.2 
0.7 
4.2 
Total World  817.5                                               100% 
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fruit along with other physical and physiological parameters varies according to the 
growth phases described as follows.   
2.3.1. Growth phases 
The phases of olive fruit growth and development are a combination of biochemical 
and physiological events that vary according to cultivar and to the influence of 
growing conditions (Beltrán, 2000; Connor and Fereres, 2005). Olive fruit grow fast 
in the early stages, followed by a slower growth period and finally return again to 
accelerated rate of growth and thus exhibit double sigmoid growth curve (Shulman 
and Lavee, 1979). Growth and development occurs over 4–5 months and includes 
five main phases (Lavee, 1996; Manrique et al., 1999; Proietti et al., 1999) in the 
following order: 
(i) Fertilization and fruit-set rapid cell division occurs to promote embryo 
growth which continues from flowering to approximately 30 d afterwards. 
(ii) Seed development- due to intense cell division and enlargement rapid fruit 
growth occurs mainly with the growth and development of the endocarp 
(seed/pit).  
(iii) Seed/pit hardening- fruit grows slowly as the endocarp cells stop dividing 
and become sclerified.  
(iv) Mesocarp development- the second major period of fruit growth by the 
expansion of pre-existing flesh cells and intense oil accumulation.  
(v) Ripening- fruit changes from dark lime green to lighter green/purple 
becoming soft and the pulp is purple in most cultivars. 
 
2.3.2. Physical changes during olive fruit growth and development 
The weight of olive fruit relies on crop load, cultivar, growing conditions and 
management practices (Beltran et al., 2004; Trentacoste et al., 2010). Fruit weight 
increases during the first part of the season and before seed hardening. Fruit weight 
then increases slightly, becomes stable or even decreases during the latter stages of 
ripening (Grattan, et al. 2006; Mailer et al., 2007). However, dry fruit weight 
continues to increase throughout the late season (Mailer et al., 2007). Weight of fruit 
mostly increases concurrently with progression of the harvest season until maturation 
(Bouaziz et al, 2004; Menz and Vieskoop, 2010). Beltran et al., (2004) found that the 
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olive fruit weight increases during maturation stage where around 56% of the total 
fruit weight is water. However, the moisture percentage of fruit decreases during the 
late season which reduces the total fresh fruit weight (Mailer et al., 2007). Beltran et 
al., (2004) studied 14 olive cultivars and found cvs. Frantoio and Picual fruit with 
lowest mean values for moisture. 
       The olive ripening stage lasts for several months and development varies 
depending on the region, olive variety, temperature and farming practices (Salvador 
et al., 2001). A number of changes observed during olive ripening include fruit 
weight, pulp/stone ratio, colour, oil accumulation, chemical composition, enzyme 
activity, fruit firmness and sensory characteristics. Optimal ripening period has been 
defined as the time between the first purple colouration of olive fruit and black skin 
for olive oil yield and for table olive purposes a green maturation while the olives are 
green just before collaring to purple (Ryan et al., 2002; Beltrán et al., 2004). 
However, the reliable ripening indices are based on the most significant variations of 
the physiological, physical and biochemical characteristics occurring during the fruit 
ripening process (Beltrán et al., 2004). 
2.3.3. Biochemical changes during olive fruit growth and development 
Percentage of oil in olive fruit increases significantly early in the fruit ripening 
period (Salvador et al., 2001; Lavee and Wodner, 2004). However oil content in fruit 
reduces after the green mature stage (Wodner et al., 1988) which is recognized as the 
most appropriate stage for fruit harvesting for olive oil production (Luaces et al., 
2007). Issaoui et al (2008) also reported that the growth stage for harvesting time of 
olive fruit can significantly affect oil quality. The quality of fruit and expressed oil is 
directly related to the growth stage of the fruit (Garcia et al., 2007). Extra virgin 
olive oil produced from olive fruit, to meet trade standards, must have a free acidity 
percentage of 0.8% or less, a low peroxide value and clear flavour characteristics 
along with other qualitative and quantitative standards that reflect the fruit from 
which it was made (IOC, 2001). 
       The acidity level of oil from high quality olives can be less than 0.02%. 
Overall the quality of the oil fraction depends on numerous factors related to pre and 
post-harvest operations, as well as processing technique and post processing 
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handling. Oils extracted from green olives show excessive bitterness that may result 
in rejection by some consumers. Also, oil yield obtained by physical processing 
increases with the advancement of fruit maturity Garcia et al., (2007). 
      The peroxide values of olive oil changes according to crop year and 
cultivation method but slightly decreases through the ripening process (Gutierrez et 
al., 1999; Salvador et al., 2003; Baccouri et al., 2008 and Anastasopoulos., et al 
2011). Matos et al. (2007) did not find any significant change in peroxide value 
during ripening. In contrast, Dag et al., (2011) found significantly reduced peroxide 
values during different maturity stages and attributed to reduced activity of 
lipoxygenase enzyme. (Gutiérrez et al., 1999; De Mendoza et al., 2013).  
       The fatty acid composition of olive oil is significantly affected by different 
factors such as cultivar, crop yield, fruit ripeness and growing medium (Forina and 
Tiscornia, 1982). During ripening of olive fruit, many chemical composition changes 
occur due to activation and inhibition of different enzymatic activities and such 
changes affect the fatty acids composition also reported as well by Gutierrez et al. 
(1999). 
       Polyphenols accumulate gradually in the fruit reaching a maximum level 
just as the olive skin begins to change colour (Chimi and Atouati, 1994; Monteleone 
et al., 1995; Anastasopoulos et al., 2011). This increase has been attributed to a 
decrease in the fruit’s water content, and it contributes to increased oxidative stability 
(Salvador et al., 2001). Phenolic compounds play the main role in growth, 
reproduction and providing protection against pathogens and predators due to 
involvement in defence strategies and signalling properties, particularly in the 
interaction between plants and their environment. Therefore these compounds, called 
secondary metabolites, are essential for a number of important functional aspects of 
plant life (Bravo, 1998; Garcia-Salas et al, 2010). As the fruit matures, the oil 
becomes less stable due to an increase in polyunsaturated fatty acids and a decrease 
in total polyphenol content (Caponio et al., 2001; Morello et al., 2004; Rotondi et al., 
2004; Ayton et al., 2007). These changes are of major commercial importance as 
they dramatically influence the sensory characteristics of the oil, as well as its shelf 
life (Dag et al., 2011). As the fruit ripens, oleuropein, the main bitterness-producing 
component in olives, progressively decreases (Amiot et al., 1986, 1989) and phenolic 
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compounds such as dimethyl oleuropein and 3,4-dihydroxyphenylethanol 
hydroxytyrosol accumulate (Brenes et al., 1995). Oleuropein concentration varies 
with olive cultivar and decreases during fruit development (Jemai et al., 2009; 
Damak, 2008).  
2.3.4. Physiological changes during olive fruit growth and development 
Kitsaki et al. (1999) reported higher rate of respiration and ethylene production 
during the first three weeks after bud burst (ABB). They reported that accumulation 
of inflorescence ABA (abscisic acid) on 6 and 4 days before full bloom (FB) was 
associated with the minimum values of respiration and ethylene production on the 
same dates. ABA concentration declines sharply during FB and 3 days later a rise in 
ethylene and an increase in respiration rate occurs. These rose further one week after 
full bloom (AFB). Kitsaki et al. (1999) suggested that there is a possible correlation 
between ABA with the early stage of floral abscission and ethylene production 
correlate with the terminal respiratory activity in olive inflorescence abscission 
processes. Similar results have also been reported for young fruit development in 
cherry (Blanpied 1972) which reflects the high respiratory levels in the meristematic 
cells of young fruit. 
       Photosynthesis occurs in the green fruit cells of olives in the presence of 
chlorophyll in the exocarp and the mesocarp. These contain significant amounts of 
phosphoenol pyruvate carboxylase (Sánchez, 1994), the CO2 fixation enzyme. 
During fruit development, CO2 produced from the mitochondrial respiration of 
photoassimilates becomes photosynthetically fixed into triose-phosphate in the fruit 
chloroplasts during the light period with the result that the growing fruit releases 
lower levels of CO2 (Sánchez and Harwood, 2002). 
2.3.5. Effect of water stress on fruit growth and quality 
Olive trees can cope with severe and prolonged drought, however a lack of water 
decreases yield and fruit size (Pastor et al., 1999; Iniesta et al., 2009). Lower 
amounts of rainfall or lack of irrigation during the growth period, leading to water 
stress, negatively affects the fruit growing process (Lavee et al., 1990 and Tombesi, 
1994) and ultimately influences the physiology of the fruit ripening process (Lavee et 
al., 1982, 1991; Barone et al., 1994; Inglese et al., 1996; Barranco et al., 2000). 
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Where continuous deficit irrigation (DI) has been applied, oil yield is reduced by 
only 25% as compared to maximum irrigation application (Wahbi et al., 2005; Gucci 
et al., 2007 and Fernandes-Silva et al., 2010) without marked deterioration in olive 
oil quality. The lowest oil content was reported to occur in a low rainfall crop year by 
Ortega et al. (2001). However, some researchers reported no effect of irrigation on 
oil quality with respect to the fatty acids profile (Patumi et al., 1999; Motilva et al., 
2000; Magliulo et al., 2003) while others indicated that the profile can be modified 
with irrigation (Faci et al., 2002; Tognetti et al., 2006) especially in differential 
responses of cultivars to environmental factors. A negative relationship has been 
reported between irrigation levels and polyphenol content (Patumi et al., 1999; 
Gómez-Rico et al., 2007). Irrigation also affects the polyphenol and the volatile 
profiles of olive oil (Romero et al., 2002). Yousfi et al. (2006) noted higher amounts 
of polyphenols compounds in picked oil obtained from fruit harvested in the low 
rainfall season than those picked in the season with higher rainfall. 
2.4. Effect of harvesting period on olive fruit and oil quality 
Harvesting period or the ripening status of the fruit is one of the important factors 
affecting the quality of olive fruit and its oil fraction (Koutsaftakis et al., 1999). The 
fruit removal force (FRF) is linearly correlated to the stage of fruit maturity and 
reduces with the advancement of the ripening period (Lavee et al., 1973, 1982). The 
reduction of FRF is also associated with the level of endogenous ethylene which 
increases with the development of the fruit and contributes in reducing the FRF 
through the release of ethylene (Lavee et al., 1982). Genotypic differences also cause 
variability in FRF among cultivars (Lavee and Haskal, 1976) as does stalk thickness 
(Lavee et al., 1982).  
      Water is a major component of olive fruit comprising more than half of the 
total fruit weight and varies according to the growth stage of the fruit, variation of 
seasonal rainfall and cultivar (Beltrán et al., 2004). A decrease in fruit moisture 
content is related to the progressive increase in the oil content during fruit maturation 
(Sánchez and Fernández, 1991). 
      The maturity status of the olive fruit and growing conditions influence the 
polyphenol compounds of virgin olive oil (Cinquanta et al., 1997). Over-ripe fruit 
give higher oil yield with increased level of acidity. On the other hand, limited 
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amounts of oil can be extracted from the fruit harvested too early (Anastasopoulos et 
al., 2011). 
       A higher amount of oil (%) was reported in early ripening fruit (Salvador 
et al., 2001; Lavee and Wodner, 2004). Crop year and maturation phases of olive 
fruit affect the amount of total polyphenols in olive oil (Anastasopoulos et al., 2011). 
Lower peroxide values, pigments, sensory scores, oleic acid and total sterols; and 
higher levels of free acidity and linoleic acid were observed by Salvador et al. (2001) 
during ripening of cv. Cornicabra olive. Uniform oil content in the mesocarp of black 
matured fruit of Barnea and Manzanilla cultivars was also observed by Lavee and 
Wonder (2004) regardless of size and level of fruit yield. Beltran et al. (2004) 
reported a similar observation where the oil content may vary due to climatic 
conditions such as lower rainfall possibly causing lower oil and higher dry matter 
content in olive fruit. Quality indices and fatty acid composition are mostly 
influenced by maturity of olives (Dabbou et al., 2011) and maximum oil content has 
been reported to occur between the 60th and 75th day after the start of the ripening 
process (Camposeo et al., 2013).  
2.4.1. Effect of harvest time on biochemical parameters  
2.4.1.1. Fatty acids 
The concentration of fatty acids in olive oil may differ due to the effect of growing 
conditions in the cultivation year and stage of fruit growth or maturation. Salvador et 
al. (2003) and Anastasopoulos et al. (2011) also reported similar variations in fatty 
acids according to crop year and maturation of fruit. The free fatty acids at the later 
stage of ripening may increase with the increased activity of lypolytic enzymes in the 
flesh and decreased level of peroxide values may be due to decreased activity of 
lipoxygenase enzymes (Gutierrez et al., 1999; Salvador et al., 2003; Baccouri et al., 
2008; Anastasopoulos et al., 2011). The level of oleic acid decreases and linoleic 
acid increases in the matured fruit ready to harvest due to the activity of the enzyme 
oleate desaturase which converts oleic acid into linoleic acid (Gutierrez et al., 1999). 
This inter-conversion of oleic and linoleic acid is accelerated by water stress which 
ultimately reduces the monounsaturated fatty acid /polyunsaturated fatty acid ratio 
(MUFA: PUFA ratio) as reported by Gómez-Rico et al. (2007) and Dag et al. (2014).  
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2.4.1.2. Polyphenols 
The polyphenols in olive oil improve its resistance to oxidation as well as being 
responsible for its sharp bitter taste (Bendini et al., 2007). Tyrosol, hydroxytyrosol 
and oleuropein are the dominant polyphenols and vanillic acid, caffeic acid, synergic 
acid; para-coumaric acid and ferulic acid are minor polyphenols present in olive oils 
(Mulinacci et al., 2005; Damak et al., 2008; Manai-Djebali et al., 2012; Dağdelen et 
al., 2013). The concentration of polyphenols varies according to the maturation phase 
of the fruit and ultimately by the harvesting time (Anastasopoulos et al., 2011).  The 
concentration of total polyphenols increases progressively and decreases in the final 
ripening stage (Baccouri et al., 2008). The level of polyphenols also varies according 
to the crop year with respect to water availability (Patumi et al., 2002 and Gómez-
Rico et al., 2007 and Anastasopoulos et al., 2011). Differences in the level of water 
content of the fruit imply a different solubilisation of phenols (Allogio and Caponio, 
1997). The amount of water in the fruit also controls the activity of enzymes 
responsible for polyphenol synthesis, such as L-phenylalanine ammonia-lyase, that 
differs according to water conditions (Morello et al., 2005). A linear correlation 
between polyphenols and water stress was reported by Tovar et al. (2002), Gómez-
Rico et al. (2006), Dag et al. (2008), Ben-Gal et al. (2011) Vita Serman et al. (2011) 
and Caruso et al. (2014) and the variation of polyphenols in different olive cultivars 
reported by researchers has been attributed to a genetically controlled trait (Aguilera 
et al., 2005; Vinha et al., 2005; Manai-Djebali et al., 2012 and Dağdelen et al., 2013). 
2.4.2. Effect of harvest period on sensory attributes 
The sensory properties of olive fruit are influenced by the cultivar and ripeness status 
of the fruit (Angerosa et al., 2004; Rotondi et al., 2004; Servili et al., 2004; Tripoli et 
al., 2004; Kalua et al., 2007; Delgado and Guinard, 2011). Chemical composition of 
the fruit also influences the sensory properties. Higher polyphenol content in the fruit 
may cause greater bitterness and pungency (Bendini et al., 2007). Environmental 
conditions such as water stress also influence the bitterness of the fruit. Greater 
bitterness was observed in the fruit harvested during the year with a lower amount of 
rainfall (Cinquanta et al., 1997) which indicates that the ripeness of the olives along 
with pedoclimatic conditions influence the quality attributes of the expressed virgin 
olive oil. 
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2.5. Effect of abscission agents on olive fruit and oil 
Use of abscission agents shows a positive effect on the harvest efficiency when 
applied at correct rates, times and conditions. This efficiency is reflected through 
faster harvesting, reduced length of harvest period as well as, lower costs and risks 
associated with late harvest (Ravetti and McClelland, 2008). Harvesting of olive fruit 
consumes 50–80% of the total cost of production and traditionally it is done by hand 
labour over a period of two months (Metzidakis, 1999). Increased labour costs and 
low availability of labour during harvesting time have intensified industry interest in 
mechanical harvesting. Mechanical harvesting systems combined with application of 
an abscission agent have gained popularity in recent years (Burns et al., 2005). Use 
of an abscission agent reduces the required mechanical forces to remove olives 
during harvest and minimizes fruit damage. Ethephon, an ethylene releasing 
chemical, is one of the abscission agents used to promote fruit abscission and to 
enable easy picking or mechanical fruit harvesting in cherries (Bukovac et al., 1969), 
apple (Edgerton, 1968), olive (Hartmann et al., 1970), citrus (Young and Jahn, 1972), 
macadamia (Kadman and Ben-Tal, 1983) and many others (Kays and Beaudry, 
1987). Ethephon and other abscission agents are used especially with high cropping 
levels, or to harvest greener olive fruit early in the season, or to lower the FRF of 
certain difficult to harvest cultivars Frantoio, Koroneiki and Arbequina (Burns et al., 
2008). 
      A large force is required to shake off fruit from olive trees where the ratio 
between fruit mass and pedicel's strength of olive fruit is relatively small compared 
with large olive cultivars and other fruits (Ben-Tal and Wodner, 1994). Among the 
different types of chemicals tested to promote pedicel loosening, positive results 
have been obtained by using ethylene releasing compounds like ethephon (2-
chloroethyl phosphonic acid) which is a synthetic plant growth regulator and acts by 
releasing ethylene when it penetrates into plant tissues (Royer et al., 2006). Ethephon 
promotes pedicel loosening and increases the natural ratio between fruit mass and 
pedicel strength and as a result the mechanical harvesting of olive fruit is facilitated 
(Martin et al., 1981; Denney and Martin, 1994; Metzidakis, 1999). On the other 
hand, a disadvantage of ethephon application is a considerable loss of leaves 
coincident with fruit loosening (Burns et al., 2008). To keep a balance between leaf 
and fruit loss, investigators have paid attention to alteration in ethephon application 
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timing and duration (Lang and Martin, 1985, 1989) with promising results under 
laboratory conditions but is unpredictable in the field (Martin, 1994). A positive 
effect of ethephon application on fruit yield was observed by Touss et al. (1995). 
They applied ethephon at 1250 and 1875 mg L-1 on conventionally farmed 
Arbequina cultivar olive trees and obtained 20% increased yield from mechanical 
harvesting. They also reported that ethephon increased the amount of harvested fruit 
without significantly enhancing preharvest leaf drop and with no adverse effects on 
flowering in the following year as well as having little effect on oil acidity, peroxide 
value and fatty acid composition.  
Growth stage of the fruit and environmental conditions including temperature 
and relative humidity affect the extent of ethylene penetration into the plant cells and 
rate of ethylene evolution from the applied ethephon (Olien and Bukovac, 1978, 
1982; Flore and Bukovac, 1982; Beaudry and Kays, 1987 and Kays and Beaudry, 
1987). El-Tamzini et al. (1980) suggested the use of ethephon (1250 mg L-1) at two 
weeks before harvesting to reduce the FRF (maximum of 73%). However, Touss et 
al. (1995) reported non-significant effect of ethephon treatments on mechanical 
harvesting of Arbequina olive trees at 12 days before harvest with different 
concentrations of ethephon.  
2.6. Effect of different concentrations and time of application of ethephon 
2.6.1. On fruit removal force 
Higher concentration of ethephon increases the ethylene production from the treated 
olive fruit and the increase in ethylene influences the ripening index of the olive fruit 
(Chaves and De Mello-Farias 2006; Nath et al. 2006 and Tharanathan et al., 2006). 
On the other hand, the fruit removal force is reduced significantly with the increase 
of the applied ethephon concentration. Ethephon penetrates the pedicels and releases 
ethylene to reduce the FRF (Ben-Tal, 1992).  Fruit and leaf abscission (%) also 
increases significantly with the increase of applied ethephon concentration. 
(Barranco et al., 2004; Ferguson et al., 2010). Abscission of leaf and fruit is directly 
related to the level of endogenous ethylene in leaf and fruit. Ethylene evolution 
seems to parallel the effects of applied ethephon (Banno et al., 1993). Ethephon 
induces fruit abscission through its accumulation in the pedicel-fruit basin and leaf 
surface which ultimately penetrates into the plant system to enhance the ethylene 
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production (Reed and Hartmann, 1976; Polito and Lavee, 1980 and Weis et al., 1988, 
199l). Ethephon treatments have also been reported to have positive effects on 
mechanical harvesting efficiency (Touss et al., 1995; Yousefi et al., 2010; Ninot et 
al., 2012 and Zahra, 2014). 
 
2.6.2. On physiological parameters 
As indicated earlier, ethephon is an ethylene-releasing chemical (Martin et al., 1981) 
which induces ethylene from the fruit of treated plants (Banno et al., 1993). Ben-Tal 
(1992) also reported that a small portion of applied ethephon penetrates the pedicels 
and releases ethylene responsible for increased ethylene in the treated fruit. However, 
Ferrante (2005) reported that ethephon shows a marked effect on ripening (early 
pigmentation, increased fructose content) when applied before the olives respire at 
their maximum rate, and when it is applied after the maximal respiration rate, there is 
only weakening of the pedicel. This observation signifies that the ethephon treatment 
influences the rate of respiration in accordance to the increase of ethylene production 
from the treated fruit. 
2.6.3. On biochemical parameters 
Ethephon treatment enhances the fruit olive maturation and affects oil quality (Ismail 
et al., 1999). However, the effect of ethephon on fatty acid content of olive oil 
depends on local climatic conditions (Ranalli et al., 1999; Faila et al., 2000). 
Ethephon enhances the ethylene production in treated fruit together with increased 
peroxide value (Griffiths et al., 1999; Sheng et al., 2003 and Yousfi et al., 2009). 
However, Salvador et al. (2001); Tovar et al. (2001) and Baccouri et al. (2008) 
reported decreased peroxide values due to the activity of lipoxygenase enzyme which 
also decreases as the fruit ripening process advances. Levels of polyphenols in olive 
oil depend on genotype, agronomic, environmental and technological factors 
(Montedoro and Garofolo, 1984; Lavee and Wodner, 1991). Decrease of the major 
polyphenols with the progress of olive fruit maturity has been reported in different 
studies (Skevin et al., 2003; Rotondi et al., 2004; Yousfi et al. 2006; Baccouri et al., 
2007; Riachy et al., 2012) and this is correlated with the increased activity of 
hydrolytic enzymes during ripening (Amiot et al., 1989).  
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The application time of ethephon has no effect on the oil content, free fatty 
acids and peroxide values of olive fruit. Ahmed et al. (1981) observed that spraying 
of ethephon two weeks before harvesting the fruit did not affect the biochemical 
properties of the extracted olive oil. Touss et al. (1995) also reported non-significant 
effect of ethephon treatments on cv. Arbequina olive trees at 12 days before harvest 
with different concentrations of ethephon. Moderate effect of ethephon on palmitic, 
linoleic and oleic acids was also reported by Cimato (1988). Lavee and Haskal 
(1975) treated cv. Nabali olives with ethephon at 1500 mg L-1 and did not observe 
any effect of ethephon on either colour or taste of the oil. The early application of 
ethephon (4-weeks prior to harvest) showed lower concentration of polyphenols 
(Amiot et al., 1989) which resembles the effect of the evolved ethylene from the 
applied ethephon. This correlated with the increased activity of hydrolytic enzymes 
during ripening reducing the concentration of polyphenols (Yousfi et al. 2006; 
Baccouri et al., 2007 and Riachy et al., 2012). Early exposure to ethylene results in 
higher PPO (polyphenol oxidase) activity (Couture et al. 1993; Peng and Yamauchi, 
1993) which readily oxidises soluble polyphenols (Ke and Saltveit., 1988) and later 
application of ethephon does not show significant changes on this declining trend.  
2.6.4. On sensory attributes 
Phenolic compounds are highly correlated to sensory attributes of olive oil 
(Andrewes et al., 2003; Beltrán et al., 2007). The amount of polyphenols decreases 
with the progress of maturity (Yousfi et al. 2006; Riachy et al., 2012) and the effect 
of ethylene involved the decomposition of applied ethephon (Couture et al., 1993; 
Peng and Yamauchi, 1993). Differences in the sensory attributes are related to the 
chemical reactions and enzymatic activities, such as glycosidases, phenol oxidases or 
phenol polymerases (Ke and Saltveit, 1988). Yousfi et al., (2009) also reported 
decreased bitterness while he exposed modified atmosphere (MA) stored olive fruit 
to 30 µ1L-1 ethylene. 
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2.7. Conclusion 
The literature reviewed here indicates that the physical, physiological and 
biochemical characteristics of olive fruit vary depending on the growth and 
developmental stages of olive fruit. Literatures references also indicate that the 
harvesting time affects the quality attributes of olive fruit. Investigators have also 
recommended the use of abscission agents like ethephon when harvesting olives and 
there are substantial effects at different concentrations of ethephon and time of 
application of ethephon on quality attributes of olive fruit and oil. cvs. Frantoio and 
Manzanilla are two of the important cultivars grown commercially in Australia. 
However, information on the Australian grown olive cultivars in respect of fruit 
growth habit, effect of harvesting period and effects of ethephon concentration and 
its time of application on fruit and oil qualities is scarce. Therefore, the current 
studies have been designed to understand the morphological (fruit weight, fruit 
volume, pulp weight, stone weight, pulp/stone ratio and ripening index) and 
physiological (production of ethylene and rate of respiration) changes during fruit 
growth development and ripening in cvs. Frantoio and Manzanilla. An attempt has 
also been made to evaluate the effect of harvesting periods, concentrations and time 
of application of ethephon on the physical, physiological, biochemical and sensory 
attributes of oil in Frantoio and Manzanilla olive cultivars commercially grown in 
south-western Australian conditions. 
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Chapter 3 
General Materials and Methods 
The current study includes four experiments conducted during olive crop season in 
2013 and 2014 to investigate the fruit growth; development; and maturation and 
ripening; in relation to ethylene and to explore the effects of different harvesting 
times, various concentrations and time of spray application of ethephon on various 
physiological, biochemical, quality and sensory attributes of olives and oil. The 
materials and methods used in these experiments have been presented in this chapter. 
3.1. Plant material, experimental location and climatic conditions 
All the experiments were conducted on the olive trees grown at Talbot Grove, York 
(31°52ʹ44″ S, 116°45ʹ57″ E), located at 120 km east of Perth city, Western Australia 
(WA) (Fig. 3.1.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.1. Geographic location of the experimental field (https://maps.google.com.au) 
 
      York is located in a Mediterranian climate zone of WA which experiences 
distinctly dry, long, hot summers and cool, wet winters.  The mean annual daily 
minimum temperature is 10.5 °C (50.9 °F). The hottest month is January with a mean 
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maximum temperature of 33.6 °C (92.5 °F), while the coolest month is July with a 
mean minimum temperature of 5.3 °C (41.5 °F). York has a mean annual rainfall of 
403.6 mm. The wettest month is July with 71.8 millimetres and the driest is 
December with 11.3 millimetres rainfall. The temperatures and rainfall are based on 
data from 1996 to 2014 (Australian Bureau of Meteorology, 
2015, http://www.bom.gov.au). During the growing period of olive fruit, the lowest 
rainfall (0 to 5.5 mm) was observed from December to March 2014, when the 
rainfall ranged from 2.8 to 56.7 mm in 2013. The amount of rainfall increased during 
the development and maturation phase of the fruit from April to June when it ranged 
from 46.6 to 89.3 mm and 4.8 to 68.8 mm in 2014 and 2013 respectively. Higher 
levels of maximum and minimum temperature (about 34°C and 16°C respectively) 
were observed from December to March in both years (Fig. 3.2). 
 
 
Fig.3.2. Climatic conditions in experimental location, York, WA, during 2013-2014. 
(Australian Bureau of Meteorology, 2015, http://www.bom.gov.au). 
3.2. Design of experiment and treatments 
The experiments were conducted by following one- or two-factor factorial 
Randomized Complete Block Design (RCBD) with four replications. Depending 
upon experiment, an experimental unit included one to five olive trees. Different 
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harvesting times or different concentrations of ethephon or different spray periods of 
ethephon were considered as the treatments. The cultivars included in these 
experiments were cvs. Manzanilla and Frantoio. The experimental design and 
treatments have also been explained in relevant individual chapters also.  
3.3. Experimental olive trees and their maintenance 
The study was carried out on 15 year old olive trees of two cultivars including cvs. 
Frantoio and Manzanilla. The trees were trained to a central leader, supplementary 
irrigated and spaced at 7 m × 7 m with a tree density of 358 trees ha-1. The irrigation 
period was for five months per year (from December to May, 200-600 L/tree) with 
daily irrigation using drippers placed around the trees delivering water flow of 
1.2 L/h.  
3.4. Collection of olives and extraction of olive oil 
Olive fruit (composite sample of 1.5 to 2 Kg) were taken harvested from four 
representative trees included in four replications of cvs. Frantoio and Manzanilla 
which were harvested using a commercial trunk shaker (Sicma F3 Umbrella Olive 
Harvester, Catanzaro, Italy) (Fig.3.3). 
 
Fig.3.3. Commercial trunk shaker Sicma F3 umbrella olive harvester 
Virgin olive oil was extracted from the collected fruit by following the method 
explained by Rivas et al. (2013) with some modifications. The collected fruit were 
immediately transported to the Horticulture Research Laboratory, Curtin University, 
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Perth, Western Australia and oil was extracted within 24 h. To extract oil, the leaves 
were removed from the fruit prior to cleaning; the fruit were crushed with a hammer 
mill and then homogenized slowly for 30 min by using a mechanical mixer (Breville, 
the Wizz Mix, BEM200, China) at 25-27 °C. Then the obtained paste was 
centrifuged (Eppendorf Centrifuge 5810R, Hamburg, Germany) at 3500 rpm for 
10 min and the extracted oil was stored at 4°C in darkness until analysis. Dark glass 
bottles were used and the head space was filled with nitrogen gas (Fig.3.4). 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.4. Flow chart of extraction of olive oil from the collected fruit.  
3.5. Observation recorded: 
3.5.1. Physical parameters 
3.5.1.1. Fruit, stone and pulp weight, pulp/stone ratio 
The fruit, stone and pulp weight was recorded using a digital balance (A&D 
Electronic Balance, FX-2000, Japan) with ±0.01g accuracy. The weight of fruit, pulp 
and stone was expressed in grams (g). The pulp and stone ratio was calculated by 
dividing the pulp weight with corresponding stone weight. A sample of 100 fruit per 
Crush 1.5 - 2 kg of olive with a hammer 
mill for 10 min to a coarse paste 
Mix paste for 30 min at 25-27 °C 
Centrifuge the paste at 3500 rpm for 
10 min to extract oil 
Filter the olive oil and store in dark 
glass <4 °C 
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replication was used to measure the fruit weight and the pulp and stone weight was 
measured by using 10 fruit from each replication and average values were calculated. 
3.5.1.2. Fruit dimensions 
The dimensions (length and width) of randomly selected 100 fruit per replication 
were measured using a digital Vernier calliper and the average values were expressed 
as millimetres (mm). 
3.5.1.3. Fruit volume (water displacement method) 
To measure the fruit volume, 100 fruit per replication were submerged in 500 mL of 
water contained in a graduated one litre measuring cylinder (Fortuna, Germany) and 
the volume was recorded as the volume of the displaced water in cubic centimetres 
cc3.  Fruit volume was expressed as cubic centimetres per fruit. 
3.5.2. Ethylene production 
The endogenous level of ethylene was determined by using a Sensor Sense (Sensor 
Sense B.V, Nijmegen, The Netherlands) (Fig. 3.5) following the method described 
by Pranamornkith et al. (2012). The Sensor Sense includes an ETD 300 ethylene 
detector, a set of valve controllers with an option of six valves connected to six 
separate cuvettes [1.0 L air-tight jar, fitted with a rubber septum (SubaSeal®, Sigma-
Aldrich Co., St. Louis, USA)]. The “continuous flow” method was used with coarse 
mode (conversion factor 99818, capacity to measure ethylene concentration at 0 - 
500 µ1L-1, sensitivity at <1%) of analysis. A fruit sample of 100 g was used to 
determine the ethylene production. All the cuvettes were kept airtight to prevent 
leakage. Before connecting flow to the cuvettes, it was ensured that the output from 
the cuvettes was not blocked, in order to avoid pressure build-up in the cuvette.  Each 
sample was run for 20 minutes with a flow rate of 4.0 L hr-1 and the average reading 
of the last 15 minutes was considered to calculate the amount of ethylene. The 
ethylene production was expressed as µlkg-1hr-1.  
The concentration of produced ethylene was converted from µL kg-1 h-1 to 
nmol kg-1 h-1 using Ideal Gas Law, PV = nRT , where P is pressure (kPa), V is 
volume (L), n is the number of moles, R = 8.314 (the ideal gas constant) and T is 
temperature (Kelvin) (Bower et al., 1998). 
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Fig.3.5. Determination of ethylene production in olive fruit using ETD 300 ethylene 
detector. 
Data of barometric pressure during the ethylene measurement were collected from 
Bureau of Meteorology Australia, WA. The relevant calculation is as follows-  
Under standard conditions-  
The atmospheric pressure, P= 1 atm 
Temperature, T = 273.15 K 
Universal gas constant, R= 0.0821 L atm mol-1K-1 
V= volume 
n= Number of moles 
The olive fruit used for this part of the study were kept at 20°C, the temperature 
needed for calculation is  
T= 273.15+20= 293.15K 
Now, PV= nRT 
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=> V/n = RT/P 
=> (0.0821 L atm mol-1K-1*293.15 K)/1 atm = 24.07 Lmol-1 
i.e., 1 mol gas = 24.07 L 
or, 1 mmol gas = 24.07 ml 
or, in 1 ml gas it has = 1/24.07 mmol = 0.0415 mmol 
So, for example, if the measured ethylene gas is 2.5 ml kg-1hr-1, then there will be 
2.5X0.0415= 0.104 mmol ethylene kg-1hr-1. 
3.5.3. Determination of respiration rate 
Respiration rate from olive fruit was determined as CO2 production by following the 
method described by Zaharah (2011). The headspace gas sample (2.0 ml) was taken 
through a rubber septum (SubaSeal®, Sigma-Aldrich Co., St. Louis, USA) using a 
syringe from the hermetically sealed 1L jars with sample fruit (100 g) for an hour 
and injected into an infrared gas analyzer [Servomex Gas Analyzer, Analyzer series 
1450 Food Package Analyzer, Servomex (UK) Ltd., East Sussex, UK]. The 
respiration rate was calculated on the basis of the peak areas of 2.0 mL gas sample 
(CO2) and CO2 standard (StdCO2, 8.52 ± 0.17%). The standard CO2 was purchased 
from BOC Gases, Australia Ltd., Perth, Australia. All the estimations were 
performed twice. Respiration rate was calculated using the following formula and 
expressed as mL CO2 kg-1 h-1.  
                                  Changes in CO2 concentration (%) × Vol. of container (L) 
Respiration rate = 
(ml CO2 kg-1 h-1)               Fruit weight (kg) × Incubation time (h) 
 
Respiration rates were converted from mL CO2 kg-1 h-1 to mmol CO2 kg-1 h-1 using 
the Ideal Gas Law, PV = nRT as explained in Section 3.5.2. To check the possibility 
of CO2 emission from the rubber septum or normal air, a blank injection from the 
headspace of the empty jar or air was also run under the similar conditions of 
analysis. 
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Fig.3.6. Servomex Series 1400 (Sussex, England) chromatographic profile of 
respiration peak of standard (StdCO2) and fruit sample peak (SCO2). 
3.5.4. Determination of fruit firmness 
The firmness of olive fruit was determined using a texture profile analyser (TPA 
Plus, AMETEK Lloyd Instruments Ltd, Hampshire, UK), equipped with horizontal 
square base table (15 cm × 15 cm) and interfaced to a personal computer with 
Nexygen® software following the method explained earlier by Singh et al. (2009).  
Twenty randomly selected fruit per replicate were used for this test after a small slice 
(< 2 mm thick) of fruit skin was removed and the firmness was recorded from the 
opposite sides of equatorial region of individual fruit by puncturing a 2 mm 
Magness-Taylor probe. The crosshead speed, depth, trigger and compression were 
maintained at 3 mm s−1, 3 mm, 0.5 N and 70% respectively for all determinations, as 
per the following example (Fig.3.7). 
  
  
 
 
 
 
Fig.3.7. An example of chromatographic profile of rheological properties of a fruit 
using texture profile analyzer (TPA) (Zaharah, 2011). 
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3.5.5. Fruit removal force (FRF) 
The FRF was determined by using the texture profile analyser (TPA Plus), described 
in Section 3.5.4. The olive fruit with pedicel was placed under the base and the 
pedicel clamped to the moveable load cell as shown in Figure.3.8. Twenty randomly 
selected fruit per replicate were used for determining FRF. The fruit pedicel was 
subjected to tensile speed of 150 mm min-1 and preload of 0.5 N. The tensile speed 
and preload strength were adjusted after trial and error with due reference to the 
dynamometer (Ravetti and McClelland, 2008) used for evaluating the removal force 
in field conditions. The fruit pedicel removal strength was calculated at the 
maximum load and limit points where the pedicel removal occurred and expressed as 
N. 
  
Fig.3.8. Determination of fruit removal force by using a texture profile analyser.  
 
3.5.6. Ripening Index 
Ripening index (RI) of olive fruit sample was determined according to the method 
described by Uceda and Frias (1975). One hundred randomly selected healthy fruit 
were cut in half to expose the internal flesh for grading in eight groups. The groups 
were categorized as- ‘0’ deep green skin; ‘1’ yellow-green skin; ‘2’ half skin turning 
red ; ‘3’ reddish-brown skin; ‘4’ black skin with white flesh; ‘5’ black skin with < 
50% purple flesh; ‘6’ black skin with ≥50% purple flesh and ‘7’ black skin with 
Fruit placed 
to measure 
FRF 
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100% purple flesh. The total number of olives in each category was counted and the 
ripening index was calculated by using the following equation- 
  RI = A × 0 + B × 1 + C × 2 + D × 3 + E × 4 + F × 5 + G × 6 + H × 7100  
Letters (A-H) = number of fruit in each category. 
3.5.7. Fruit moisture (%) and dry matter (%) 
The olive fruit moisture content was determined by using healthy and randomly selected olive fruit (60g). The fruit were crushed by hammer mill in a pre-calibrated 
dish and the paste was dried in a forced air oven at 80°C for approximately 24 hours 
or until the weight was constant. The sample was then cooled in a desiccator and the 
moisture content and dry matter of the fruit calculated as a percentage of the fruit 
weight by using the following formula (International Olive Council, 2011). 
 
Moisture in the sample (%) = loss in weight x 100/weight of the fresh fruit sample 
Fruit dry matter (%) = weight of the dried fruit x 100/weight of the fresh fruit sample 
3.5.8. Olive oil content (%) in the fruit 
Olive oil content in fresh fruit was determined by following the method described by 
Avidan et al. (1999) with some modifications. Olive fruit paste (10g) was taken in 
each replication into small scintillation vials after crushing the olive fruit. The 
content was dried in an oven at 80°C for 24 h and the dry weight of each replicate 
was recorded.  The dried sample (5g) was transferred separately to 25×100 mm glass 
tubes and 10 ml of petroleum ether at 60-80°C was added, homogenised at medium 
speed for 30 sec with a vortex (Heidolph, Reax Top, VIC, Australia). The content 
left in the original scintillation vial was rinsed with 5 ml petroleum ether and crude 
extract in vials were stoppered and agitated by a rotator shaker (Ratek Orbital Mixer, 
VIC, Australia) overnight. Next day the crude extract was passed through a filter 
paper and the pellet was rinsed again with 5 ml petroleum ether. This final solution 
was used to extract oil and petroleum ether was evaporated at 40°C. The oil residue 
was weighted as percent of oil on fresh and dry weight basis by using the follow 
formula.  
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Oil % (Dry basis) = Oil Weight 
Dry  weight × 100 
Oil % (Fresh basis)= Oil Weight 
Fresh  weight × 100 
3.5.9. Fruit and leaf abscission 
Three branches from each replicate were selected to count the leaf and fruit 
abscission. The number of leaf and fruit were noted down before applying the 
treatments and observation on the abscission of leaf and fruit was recorded after 
harvesting the fruit. The percentage of leaf and fruit abscission was calculated by 
following the equation suggested by Dung (2013). 
Abscission of leaf or fruit (%) = Number of leaf or fruit after harvest X 100
Initial number of leaf or fruit  
3.5.10. Determination of free fatty acids 
Olive oil sample (10 g) was weighted into a 250ml conical flask and then dissolved 
in 50 ml of the solvent mixture (1:1 of 95% (V/V) ethanol and diethyl ether). The 
mixture was titrated while shaking with a solution of 0.1N potassium hydroxide 
(KOH4) to the end point of the indicator pink colour of phenolphthalein persisting 
for at least 10 sec (EC 2568/1991). 
Free fatty acid (FFA) expressed as (% of oleic acid): 
FFA (%) = volume, in ml, of solution titrated with potassium hydroxide. 
3.5.11. Determination of peroxide value 
Peroxide value was determined under artificial or diffused daylight by using 1-2 g 
of the olive oil sample taken in a 250 ml flask with ground neck and stopper (EC 
2568/1991). The sample dissolved rapidly by stirring with the addition of 10 ml of 
chloroform, 15 ml of acetic acid and 1 ml of 0.5 N potassium iodide solution. The 
stopper was immediately inserted, shaken for 1 minute and then left for 5 minutes 
at a temperature of 20°C in the dark. Then 75 ml of distilled water was added and 
titrated with the sodium thiosulphate solution (0.002 N for expected values less 
than 12, and 0.01 N for expected values above 12). During titration the flask was 
under continuous shaking and starch was used as an indicator (10 g/l aqueous 
dispersion). The solution was titrated from a purplish to yellowish or colourless 
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endpoint. All the chemicals used were of analytical grade. The peroxide value was 
calculated as follows:  
Peroxide Value (P.V.) expressed in milli equivalents of active oxygen per kilogram of 
olive oil (meq O2 kg-1) and calculated by using the formula as below (EC 2568/1991)-  
(P.V.) = (V * T / m) * 1000  
Where:  
V = ml of solution of titrant (sodium thiosulphate).  
T = Normality of sodium thiosulphate solution. 
m = weight of sample of olive oil, in grams. 
3.5.12. Determination of fatty acid composition 
Fatty acid composition of olive oil as fatty acid methyl esters (FAMEs) was 
determined by gas chromatograph following the method prescribed by the 
International Olive Council (2001). Methanol contained not more than 0.5% (v/v) 
water with heptane and potassium hydroxide. All chemicals used were analysed 
grade. A methanolic solution of potassium hydroxide was prepared (dissolve 11.2 g 
of potassium hydroxide in 100 mL of methanol = to 2N) and used to trans-methylate 
fatty acids of triacylglycerol present in olive oil. In a 5 mL screw-top test tube 0.1 g 
of the oil sample was added to 2 mL of heptane and homogenized followed by 
addition of 0.2 mL of 2 N methanolic potassium hydroxide solution. The mixture 
was homogenized vigorously for 30 seconds and left undisturbed until the upper 
solution became clear. The upper layer containing FAMEs was decanted and injected 
into the gas chromatograph.  
      The gas chromatograph was fitted with a fused silica column (50m length × 
0.25mm i.d.) coated with SGL-1000 phase (0.25μm thickness Suger labour, Spain) 
and containing a FID detector (HP 6890, Agilent Technologies). Temperature of the 
injector and detector was maintained at 250 °C and the oven temperature was 210 
°C. Trans-C18:1 percentage was calculated as corresponding to methyl esters of fatty 
acid and trans-C18:2 + trans-C18:3 percentage. All the peaks corresponding to trans-
isomers were summed. The amount of individual FAMEs as a relative percentage 
was calculated according to the formula: 
 % Fatty acid = (Area X 100) / (total area).                                                               
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3.5.13. Total polyphenols 
The total phenols were quantified by following the method of Ranalli et al., (1999). 
Olive oil (10 g) was dissolved in 50 ml of hexane and phenolic compounds were 
isolated by triple extraction of a solution with a water/methanol mixture (60:40, v/v ), 
and made up to 100 ml with water and left to stand overnight. After that 5ml Folin-
Ciocalteau phenol reagent was added to1 ml aliquot of the extract with shaking for 5 
minutes and addition of 1 ml of saturated sodium carbonate (Na2CO3) then 2 hours 
later analysed using a spectrophotometer (Model SECOMAM ANTHELIE 
Advanced, France). The absorption of extracts was read at 725 nm and a 1cm 
rectangular glass cuvette was used. Total phenols concentration was calculated 
according to the response factors determined by Mateos et al. (2001). 
3.5.14. Determination of polyphenolic compounds 
Individual polyphenolic compounds in the olive oil were extracted and determined 
following the method previously detailed by the International Olive Council 
(COI/T.20/Doc NO 29, 2009) using a HPLC system coupled with an infinity 1260 
diode array detector (HPLC-DAD). Virgin olive oil (5.0 g) was weighed in a 10 ml 
screw-cap test tube and 1 ml of the internal standard solution (syringic acid) was 
added and homogenized for 30 sec. Methanol/water 80/20 (v/v) extraction solution 
(5 ml) was added and homogenized again for another 1 min and the mixture was left 
in an ultrasonic bath for 15 minutes at room temperature. Then the samples were 
centrifuged at 5000 rpm for 25 minutes and the supernatant was filtered through a 
0.45 µm polyvinylidene fluoride (PVDF) filter prior to HPLC analysis 
(COI/T.20/Doc No 29, 2009). 
      The phenolic compounds were quantified at 235-280 nm using syringic 
acid as an internal standard. Polyphenols standards, 3,4 DHPEA-EA (methyl-4-(2-
(3,4-dihydroxyphenethoxy)-2-oxoethyl)-3-formyl-2-methyl-3,4-dihydro-2H-pyran-5-
carboxylate), tyrosol, hydroxytyrosol, P-coumaric acid, vanillic acid, ferulic acid, 
caffeic acid and cinnamic acid of 0.015 g each were weighed into 10 ml flasks and 
made up to volume with the methanol/water solution (80/20). Then 1 ml of standard 
was transferred to a 100 ml volumetric flask and made up to volume with the 
methanol/water solution to obtain a concentration of 0.015 mg/ml.  
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3.5.14.1. HPLC-DAD conditions and quantification 
Chromatographic separation was achieved on an Agilent 1200 HPLC system coupled 
with an infinity 1260 diode array detector (DAD), using a C-18 reversed-phase 
Spherisorb ODS-2 (4.6 mm x 25 cm, 5μm) column (Waters Corporation, Milford, 
MA, USA). The column was conditioned for 15 minutes with the elution solvent 
(initial composition) (0.2 % H3PO4 in water (v/v) /methanol/acetonitrile (96/2/2, 
v/v/v) and then the gradient elution program was used as shown in (Table.3.1) 
(International Olive Council, COI/T.20/Doc No 29, 2009). A preliminary empty 
gradient chromatographic run was undertaken (to make sure there were no interfering 
co-elution peaks) by injecting 20 µl of methanol/water 80/20 (v/v) into the HPLC-
DAD system. Then 20 µl of the external calibration standard solution was injected 
and the chromatogram at 235-280 nm was recorded. Afterward, (20 µl) of the sample 
solution was also injected into the HPLC system and the chromatogram at 235-280 
nm was recorded. Two independent determinations on the same sample were 
performed. The external calibration standard curves and the peak areas were used to 
calculate the polyphenol concentrations in the olive oil sample. Individual 
polyphenol compounds in the olive oil were expressed as mg kg-1. 
Table.3.1. Gradient elution of the HPLC analysis of olive oil polyphenols 
(COI/T.20/Doc No 29, 2009) 
Time min Flow ml/min A % B% C% 
0 1.00 96 2 2 
40 1.00 50 25 25 
45 1.00 40 30 30 
60 1.00 0 50 50 
70 1.00 0 50 50 
72 1.00 96 2 2 
82 1.00 96 2 2 
3.5.15. Olive oil sensory attributes  
A tasting panel composed of seven trained tasters distinguished 30 olive oil samples 
according to the standard procedure (EC Reg. 796/2002). The tests were scheduled in 
two different days with ½ hour breaks between two tests. The taste panel was 
supplied with scaled sheets for the sensory attributes such as fruitiness, bitterness and 
pungency and for recording defects if any, including fusty, musty and metallic 
natures. Each attribute was rated using a rating scale from 1 to 10 where 1 
Chapter 3: General materials and methods 
 
36 
 
represented the value for the poorest and 10 the best possible quality for the sample 
(Fig. 3.9) Between every two samples the tasters ate a piece of apple to refresh their 
palate (Favati et al., 2013). 
 
 
Profile sheet for virgin olive oil 
 
 
 
Intensity of perception of positive attributes 
 
                1         2        3         4         5         6         7         8         9        10                                                                                                                                                       
Fruity         |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
                     1         2         3         4         5         6         7         8         9       10                                                                                                                                                       
Bitter          |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
                     1         2         3        4          5         6         7        8        9       10                                                                                                                                                       
Pungent      |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
 
Colour:           1         2         3        4          5         6         7        8        9        10                                                                        
 Green          ------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
 Yellow  
Other: 
 
Intensity of perception of defects: 
                                                    1         2         3        4          5         6         7        8        9       10                                                                                                                                                       
Fusty muddy sediment           |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
                                                  1         2         3        4          5         6         7        8        9       10                                                                                                                                                       
Winey-vinegary-acid-sour     |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
                                                 1         2         3        4          5         6         7        8        9       10                                                                                                                                                       
Metallic                                  |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
                                                 1         2         3        4          5         6         7        8        9       10                                                                                                                                                       
Rancid                                    |-------|-------| -------|-------| -------|-------| -------|-------| -------|-------|  
Other (specify : 
 
Name of taster: 
Sample code: 
Date:  
Comments:                                                                                   EU (EEC Reg. 640/08) 
 
Fig.3.9. Profile sheet panel for virgin olive oil 
6.3. Statistical analysis 
All the experimental data were subjected to one- or two-way analysis of variance 
(ANOVA) using Genstat 14 (release 14.1; Lawes Agricultural Trust, Rothamsted 
Experimental Station, Harpenden, UK). The effects of various treatments and their 
interactions were assessed within ANOVA and least significant differences (Fisher’s 
LSD) were calculated following significant (P ≤ 0.05) F test. To ensure validity of 
statistical analysis all the assumptions of analysis of variance were checked. The data 
over two years were not pooled when error mean squares were found to be 
heterogonous. 
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Chapter 4 
Physical and physiological changes in cvs. Frantoio and Manzanilla 
olive fruit during growth and development  
Abstract 
The physical and physiological growth parameters of olive fruit are related to the 
improvement of commercial and qualitative characteristics of fruit and extracted oil. 
The current experiment was conducted to observe the morphological and 
physiological changes in Frantoio and Manzanilla olive cultivars grown in south-
western Australian conditions. The physical parameters of fruit weight (g), fruit 
volume (cc), fruit length (cm), fruit width (cm), pulp weight (g), stone weight (g), 
pulp/stone ratio and fruit ripening index increased significantly (P ≤ 0.05) until 150 
to 175 days after full bloom with the progress of growth period, irrespective of the 
cultivar. The cv. Manzanilla showed higher average values then cv. Frantoio for 
these parameters. The physiological parameters (production of ethylene and rate of 
respiration) and fruit firmness declined significantly with the progress of fruit 
growth. After 190 days of full bloom, the ethylene peak was observed. The 
respiration peak was observed after 175 days in cv. Manzanilla and after 190 days of 
full bloom in cv. Frantoio in both years. The cv. Frantoio olive showed significantly 
higher respiration rate than cv. Manzanilla. It could be concluded that the physical 
growth parameters increase with the progress of fruit growth until 175 days after full 
bloom and physiological parameters showed a declining trend during this period with 
a peak at 175 to 190 days after full bloom and ethylene plays an important role in 
fruit ripening. 
4.1. Introduction 
Olive fruit is one of the oldest cultivated fruit for extracting oil and preparing 
different types of food items such as pickles with perfect balance of aroma, taste, 
flavour and health benefits (La Lastra et al., 2001). It provides many nutrients 
including: fatty acid, tocopherols (vitamin E), protein, fibre, beta-carotene and 
minerals (Reichelt and Burr, 2000). Botanically olive fruit is a drupe consisting of 
the exocarp or skin, the mesocarp or flesh, and the endocarp or pit having a woody 
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shell enclosing one or, rarely, two seeds. Olive fruit weight comprises 70–90% 
mesocarp, 9–27% endocarp and 2–3% seed. In mature or ready to harvest olive fruit, 
the mesocarp contains about 60% water, 30% oil, 4% sugars, 3% protein, and the rest 
is primarily fibre and ash. The endocarp contains 10% water, 30% cellulose, 40% 
other carbohydrates and about 1% oil. The seed has 30% water, 27% oil, 27% 
carbohydrates and 10% protein (Connor and Fereres, 2005). During the period of 
growth and development, the olive fruit display changes in size, colour, texture and 
flavour. A number of biochemical and physiological events occur during this period 
under strict genetic control and the influence of several growing conditions (Connor 
and Fereres, 2005).  
      Olive fruit growth and development lasts for 4–5 months which includes 5 
main phases (Lavee, 1996; Manrique et al., 1999 and Proietti et al., 1999) in the 
following order: (i) fertilization and fruit set which comprises the period from 
flowering to approximately 30 d afterwards when rapid early cell division promotes 
embryo growth, (ii) seed development, a period of rapid fruit growth with intense 
cell division and enlargement involving mainly growth and development of the 
endocarp (seed/pit), with little flesh (mesocarp) development, (iii) seed/pit 
hardening, during which fruit growth slows down as the endocarp cells stop dividing 
and become Sclerified, (iv) mesocarp development, representing the second major 
period of fruit growth when mesocarp develops mainly by the expansion of pre-
existing flesh cells, and intense oil accumulation, and (v) ripening, when the fruit 
changes from darklime-green to lighter green/purple and fruit become soft. During 
the ripening phase, the rapid change in the fruit texture takes place over a period of 
1–2 weeks and can be observed as a change from hard to softer texture when the fruit 
is easily squashed and some juice is released. With the progress of ripening, dry 
matter continues to increase along with oil synthesis at a slower rate than in the 
previous phase (Rotondi et al., 2004). Higher concentration of phenolic substances at 
this phase enhances the nutritional properties of the resulting oil. At overripe or black 
stage of maturation, the total phenol content significantly decreases, reaching half of 
the initial values and the ratio of oleic acid to linoleic acid also decrease 
considerably. The oils produced from overripe black olives are more prone to auto-
oxidation during storage due to synchronized increase in fatty acid unsaturation and 
decrease in antioxidants. Moreover, the olive oil from overripe fruit is devoid of 
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some attractive attributes such as bitterness, pungency, green-leaf aroma and pleasant 
flavours (Rotondi et al., 2004). 
      Olive oil quality is greatly affected by the maturity stage of the fruit and 
harvesting time (Garcia et al., 1996). However, some investigations have undertaken 
studies to understand the physical and physiological changes in olive fruit during 
growth and development (Beltran et al., 2004). Changes occurring during this phase 
have high commercial importance as they dramatically influence the sensory 
characteristics and storage time of the oil. Early harvested fruit produces oil with 
high polyphenol content reflected by a higher level of bitterness and pungency with 
oil extracted from these fruit organoleptically unacceptable (Osman et al., 1994; 
Dıraman and Dibeklio˘glu., 2009). The percentage of oil increases significantly 
during early fruit ripening (Lavee and Wodner, 1991, 2004; Salvador et al., 2001) 
and oil quality improvement is initially associated with the increase in oil content 
(Tombesi et al., 1994). Therefore, a clear understanding of the physical and 
physiological changes during growth and development of olive fruit is necessary 
(Famiani et al., 1991; Proietti et al., 1994 and Tombesi et al., 1994). 
      Olives are being cultivated in Australia on a commercial basis and Frantoio 
and Manzanilla are two of the important cultivars (Mailer et al., 2007). However, 
there is limited information available on morphological and physiological changes as 
well as ethylene production during growth and developmental of olive fruit 
cultivated in Australian conditions. The current experiment was conducted to find 
out the morphological (fruit weight, fruit volume, pulp weight, stone weight, 
pulp/stone ratio and ripening index) and physiological (production of ethylene and 
rate of respiration) changes in Frantoio and Manzanilla olive cultivars grown in 
south-western Australian conditions.  
4.2. Materials and methods 
The current experiment which was conducted during the olive crop season in 2013 
observed the olive fruit growth processes by including two olive cultivars (cvs.). 
Frantoio and Manzanilla grown at York (31°52ʹ44″ S, 116°45ʹ57 E) under south-
western Australian conditions.  
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4.2.1. Design of experiment 
The experiment was conducted by following two-factor (cultivar and days after full 
bloom) factorial Randomized Complete Block Design (RCBD) with 4 replications 
the experimental unit. Five olive trees was considered as an experimental unit.  
4.2.2. Collection of olives and observations recorded 
Olive fruit (composite sample of 1.5 to 2 Kg) were harvested on the selected days 
after full bloom (DAFB) from five trees included in four replications of cvs. Frantoio 
and Manzanilla each. Observations on physical (fruit weight, fruit volume, fruit 
length, fruit width, pulp weight, stone weight and pulp/stone ratio, and fruit firmness) 
and physiological (production of ethylene and rate of respiration) parameters were 
recorded from 30 DAFB to 205 DAFB at an interval of 15 to 30 days. The ripening 
index data were recorded from 120 to 205 DAFB at an interval of 15 days. 
4.2.3. Measuring fruit, stone and pulp weight, pulp/stone ratio and fruit volume 
The fruit weight, stone weight and pulp weight were expressed in grams (g) by 
measuring with a digital balance as explained in Chapter 3, Section 3.5.1.1.  The pulp 
and stone ratio was calculated by dividing the pulp weight with corresponding stone 
weight. A sample of 100 fruits was used to measure the fruit weight and the pulp as 
well as stone weight which was measured by using 10 randomly selected fruits from 
each replication. To measure the fruit volume, 100 fruits were submerged in 500 mL 
of water contained in a graduated one litre measuring cylinder (Fortuna, Germany) 
and the volume was recorded as the volume of displaced water in cm3.  
4.2.4. Measuring fruit length and width 
The fruit length and width of 100 fruits per replication randomly selected fruits were 
measured in millimetres (mm) by using a digital calliper and the average value was 
calculated. 
4.2.5. Determining the production of ethylene 
A sample of fruit (100 g) per replication was used to determine the endogenous level 
of ethylene by using the Sensor Sense (Sensor Sense B.V, Nijmegen, The 
Netherlands) following the method described in Chapter 3, Section 3.5.2.  The 
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Sensor Sense is comprised of an ETD 300 ethylene detector and a set of valve 
controllers with connected cuvettes for holding the fruit sample. The “continuous 
flow” method was used with coarse mode (conversion factor 99818, capacity to 
measure ethylene concentration at 0-500 µlL-1, sensitivity at <1%) of analysis. Each 
sample was run for 20 minutes with a flow rate of 4.0 L hour-1 and the average 
reading of the last 15 minutes was considered to measure the amount of ethylene. 
The levels of ethylene were expressed as µmol kg-1hour-1. 
4.2.6. Determining the rate of respiration 
Respiration rate of olive fruit was determined by following the method described by 
Zaharah (2011) and detailed in Chapter 3, Section 3.5.3. The headspace gas sample 
(2.0 ml) was taken through a rubber septum (SubaSeal®, Sigma-Aldrich Co., St. 
Louis, USA) using a syringe from the hermetically sealed 1L jars with sample fruit 
(100 g) for an hour and injected into an infrared gas analyzer [Servomex Gas 
Analyzer, Analyzer series 1450 Food Package Analyzer, Servomex (UK) Ltd., East 
Sussex, UK]. The respiration rate was calculated on the basis of the peak areas of 2.0 
mL gas sample of CO2 as standard (StdCO2, 8.52 ± 0.17%) (Fig.3.6). Respiration 
rate was expressed as mmol CO2 kg-1 h-1. 
4.2.7. Determining the ripening index 
Ripening index of olive fruit sample was determined according to the method 
described by Uceda and Frias (1975) and detailed in Chapter 3, Section 3.5.6.  One 
hundred randomly selected healthy fruit were cut in half to expose the internal flesh 
for grading in eight groups. The total number of olives in each category was counted 
and the ripening index was calculated by using the designated formula. 
4.2.8. Determination of fruit firmness 
Olive fruit firmness was determined using a texture profile analyser (TPA Plus, 
AMETEK Lloyd Instruments Ltd, Hampshire, UK), equipped with horizontal square 
base table (15 cm × 15 cm) and interfaced to a personal computer with Nexygen® 
software by following the methods explained earlier by Singh et al. (2009) and. this 
test has been done only on cv. Manzanilla because cv. Frantoio is too small for TPA 
Plus. The detail has been described in Chapter 3, Section 3.5.4.  
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4.2.9. Statistical Analysis 
The collected data were analysed by following two-way analysis of variance 
(ANOVA) using Genstat 14 (release 14.1; Lawes Agricultural Trust, Rothamsted 
Experimental Station, Harpenden, UK). The significance of various cultivars, growth 
periods and their interactions were assessed within ANOVA and least significant 
differences (Fisher’s LSD) were calculated following significant (P ≤ 0.05) F test. 
All the assumptions of analysis were checked to ensure validity of statistical analysis. 
4.3. Results 
The results obtained from this experiment have been presented in the following 
figures and explained accordingly.  
 
 
 
 
 
 
 
 
 
 
Fig. 4.1. The changes in weight (A) and volume (B) during fruit growth and 
development (DAFB) in cvs. Frantoio and Manzanilla olives during 2013. The 
vertical bars representing the SE of means (n = 4 replicates each one 100 fruit) and 
are invisible when the values are smaller than the symbol. LSD (P ≤ 0.05) for fruit 
weight; DAFB = 0.33, cv.0.16, DAFB x cv. = 0.47 and for fruit volume; DAFB = 
0.21, cv.0.10, DAFB x cv. = 0.30. 
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4.3.1. Fruit weight 
The fruit weight showed a double sigmoid growth during its growth and 
development period in Manzanilla and Frantoio cvs (Fig.4.1A). The fruit weight (g) 
increased significantly (P ≤ 0.05) irrespective of the cultivars with the growth period 
of the fruit until 150 days after flowering and then it plateaued. The average fruit 
weight was higher in cv. Manzanilla than Frantoio (Fig. 4.1A). There was a 
significant (P ≤ 0.05) interaction between growth development time and cultivars for 
fruit weight. 
4.3.2. Fruit volume  
The increase in fruit volume exhibited a double sigmoid pattern during fruit growth 
and development period in cvs. Manzanilla and Frantoio (Fig.4.1A). The mean fruit 
volume (cc) in both cultivars increased significantly (P ≤ 0.05) with the fruit growth 
from 30 days to 175 days after flowering (5.54-fold) (Fig.4.1B). The fruit volume 
increased significantly (from 0.82 to 4.58cc) in cv. Manzanilla from 30 to 175 days 
after flowering. However it is similar in cv. Frantoio but the highest was for 150 days 
after flowering (2.25 cc). The Manzanilla fruit showed significantly higher fruit 
volume (2.16- fold) than Frantoio (Fig.4.1B). There was a significant (P ≤ 0.05) 
interaction between growth period and cultivars for fruit volume. 
4.3.3. Fruit length 
The growth in fruit length showed a double sigmoid pattern during growth and 
development period in both the cultivars (Fig.4.2A). The fruit length (cm) increased 
significantly in both cultivars with the progress of fruit growth from 30 days to 135 
days after flowering. The Manzanilla fruit showed significantly higher fruit length 
(1.17-fold) than Frantoio. The highest fruit length was noticed at 205 days after 
flowering of Manzaillla (2.23 cm) and the lowest was at 30 days after flowering of 
Frantoio (1.28 cm). There was a significant (P ≤ 0.05) interaction between growth 
period and cultivars for fruit length.  
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4.3.4. Fruit width 
A double sigmoid pattern during growth and development period was also noticed 
for fruit width in cvs. Manzanilla and Frantoio (Fig.4.2 B).The mean fruit width (cm) 
in both cultivars increased significantly (P ≤ 0.05) with growth period from 30 days 
to 175 days after flowering (2.06-fold). In cv. Manzanilla, the fruit width increased 
significantly from 30 to 175 days after flowering (from 0.97 to 1.92cm). However, in 
cv. Frantoio the highest width (1.40 cm) was recorded 175 days after flowering. 
There was a significant (P ≤ 0.05) interaction between growth period and cultivars 
for fruit width. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.2. The changes in fruit length (A) and width (B) during fruit growth and 
development (days after full bloom, DAFB) in cvs. Frantoio and Manzanilla of olive 
in 2013. The vertical bars representing the SE of means (n = 4 replicates each one 
100 fruit) and are invisible when the values are smaller than the symbol. LSD (P ≤ 
0.05) for fruit length; DAFB = 0.0.15, cv.0.07, DAFB x cv. = 0.22 and for fruit 
width; DAFB = 0.13, cv.0.06, DAFB x cv. = 0.19.  
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4.3.5. Pulp weight 
Irrespective of the cultivars, the pulp weight (g) increased significantly (P ≤ 0.05) 
with the progress of growth period from 60 days to 150 days after flowering to (2.06- 
fold) (Fig. 4.3A). The cv. Manzanilla showed significantly higher pulp weight (2.85- 
fold) than Frantoio. Highest pulp weight was observed in cv. Manzanilla at 150 days 
after flowering (3.78g) and the lowest was in cv. Frantoio at 60 days after flowering. 
There was a significant (P ≤ 0.05) interaction between growth period and cultivars 
for pulp weight. 
4.3.6. Stone weight 
The mean fruit stone weight (g) in both cultivars increased significantly (P ≤ 0.05) 
with the advancement of growth period from 30 days to 175 days after flowering 
(1.17-fold) (Fig.4.3B). The cv. Manzanilla fruit showed significantly higher stone 
weight than cv. Frantoio (1.19- fold). There was a significant (P ≤ 0.05) interaction 
between growth period and both cultivars for fruit stone weight. 
4.3.7. Pulp/stone ratio 
Irrespective of the cultivars, the pulp/stone ratio increased significantly (P ≤ 0.05) 
with the progress of fruit growth from 60 days to 205 days after flowering (1.77-
fold). The cv. Manzanilla showed significantly higher pulp/stone ratio (2.42-fold) than 
cv. Frantoio (Fig. 4.3C). The highest pulp/stone ratio (5.01) was observed in cv. 
Manzanilla at 150 days after flowering and the lowest (1.02) was in cv. Frantoio at 
60 days after flowering. There was a significant (P ≤ 0.05) interaction between 
growth period and cultivars for pulp/stone ration. 
4.3.8. Ethylene production 
Production of ethylene (nmol Kg-1 h-1) declined significantly in both fruit cultivars 
with the progress of fruit growth which continued until 120 days after full bloom and 
then plateaued (Fig. 4.4A). At 190 days after full bloom, a small rise in ethylene 
production was noted in both cultivars. The cv. Frantoio showed significantly higher 
level of ethylene production (1.45-fold) than cv. Manzanilla. The highest production 
of ethylene was observed in 30 days after full bloom in Frantoio (3.36 nmol Kg-1 h-1) 
and was lowest (0.10 nmol Kg-1 h-1) in cv. Manzanilla at 205 days after full bloom. 
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There was a significant (P ≤ 0.05) interaction between growth period and cultivars 
for production of ethylene during fruit growth and development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4.3. pulp weight (A), stone weight (B), pulp and stone weight ratio (C)  (A) 
during fruit growth and development (days after full bloom, DAFB) in cvs. Frantoio 
and Manzanilla. The vertical bars representing the SE of means (n = 4 replicates each 
one 100 fruit) and are invisible when the values are smaller than the symbol. LSD (P 
≤ 0.05) for f pulp weight; DAFB = 0.0.26, cv.0.13, DAFB x cv. = 0.36, for stone 
weight; DAFB = 0.03, cv.0.02, DAFB x cv. = 0.05 and for pulp/stone ratio; DAFB = 
0.34, cv.0.17, DAFB x cv. = 0.49.  
 
 
C 
0.4
0.5
0.6
0.7
0.8
0.9
St
on
e 
w
ei
gh
t (
g)
 LSD (P ≤ 0.05)  
B 
0
1
2
3
4
5
6
60 90 12
0
13
5
15
0
17
5
19
0
20
5P
ul
p/
st
on
e 
ra
tio
  
Days after full bloom 
LSD (P ≤ 0.05) 
0
1
2
3
4
Pu
lp
 w
ei
gh
t (
g)
 
Frantoio
Manzanilla
LSD (P ≤ 0.05)  
A 
C 
Chapter 4: Olive fruit changes during growth and development 
 
47 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4.4. The changes in Production of ethylene (A) and rate of respiration (B) during 
fruit growth and development (days after full bloom, DAFB) in cvs. Frantoio and 
Manzanilla olives during 2013. The vertical bars representing the SE of means (n = 4 
replicates each one 100 fruit) and are invisible when the values are smaller than the 
symbol. LSD (P ≤ 0.05) for ethylene; DAFB = 0.46, cv.0.22, DAFB x cv. = 0.66, for 
respiration; DAFB = 0.30, cv.0.14, DAFB x cv. = 0.43. 
4.3.9. Rate of respiration 
A sharp decrease in the rate of respiration (2.05-fold) was observed from 30 to 60 
days after full bloom and the respiration peak was observed after 175 days in cv. 
Manzanilla and after 190 days of full bloom in cv. Frantoio. Furthermore, cv. 
Frantoio showed significantly higher respiration rate (1.2-fold) than cv. Manzanilla 
(Fig. 4.4B). The highest respiration rate (2.89 mmol kg-1 h-1) was observed in 
Frantoio at 30 days after full bloom and the lowest (0.72 mmol kg-1 h-1) was in cv. 
Manzanilla at 120 days after full bloom. There was a significant (P ≤ 0.05) 
interaction between growth period and cultivars for respiration rate.  
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4.3.10. Fruit ripening index 
The fruit ripening index (0-7) increased significantly in both cultivars with the 
advancement of fruit development and ripening from 120 days to 205 days after full 
bloom (fig. 4.5). The cv. Frantoio showed significantly higher ripening index (1.36-
fold) than Manzanilla. (Fig.4.5). Both the cultivars showed highest ripening index on 
205 days after full bloom and the lowest ripening index was noticed at 120 days after 
full bloom. There was significant (P ≤ 0.05) interaction between growth period and 
cultivars for fruit ripening index. 
 
Fig.4.5. The changes in ripening index during fruit development and maturation 
(days after full bloom) in cvs. Frantoio and Manzanilla of olive during 2013. The 
vertical bars representing the SE of means (n = 4 replicates each one 100 fruit) and 
are invisible when the values are smaller than the symbol. LSD (P ≤ 0.05) for 
ripening index DAFB = 0.55, cv.0.32, DAFB x cv. = 0.78. 
4.3.11. Fruit firmness of Manzanilla 
The fruit firmness (N) in Manzanilla cultivar decreased significantly (4.36-fold) with 
the advancement of fruit development and ripening from 60 days to 205 days after 
full bloom (Fig.4.6). The highest fruit firmness (7.03 N) was observed at 60 days 
after full bloom and the lowest (1.15 N) was at 205 DAFB. Fruit firmness in cv. 
Frantoio was not recorded because the fruits were very small. 
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Fig.4.6. Changes in the fruit firmness during fruit development and maturation (days 
after full bloom) in Manzanilla cv olive during 2013. The vertical bars representing 
the SE of means (n = 4 replicates each one 100 fruit) and are invisible when the 
values are smaller than the symbol. LSD (P ≤ 0.05) for fruit firmness = 0.38. 
4.4. Discussion 
The knowledge on the physical and physiological changes during development of 
olive fruit growth is necessary to understand the relationship between the level of 
maturity and different chemical compositions including oil content (Famiani et al., 
1991; Proietti et al., 1994 and Tombesi et al., 1994). The physical and physiological 
growth parameters observed in this study included ethylene production, rate of 
respiration, fruit weight, fruit volume, pulp weight, stone weight, pulp/stone ratio and 
ripening index. Growth and development of olive fruit are influenced by cultivar, 
growing conditions and cultural practices (Tombesi et al., 1994). A better 
understanding of the morphological and physiological changes during growth and 
development of olive fruit can help to improve commercial and qualitative 
characteristics of fruit. In Australia olives are being grown on a commercial basis 
and Frantoio and Manzanilla are two of the important cultivars under cultivation 
(http://www.oliveaustralia.com.au). There is limited information available on 
morphological and physiological changes during growth and developmental of olive 
fruit cultivated in Australian conditions. The current experiment was conducted with 
the goal of finding out the morphological (fruit weight, fruit volume, pulp weight, 
stone weight, pulp/stone ratio and ripening index) and physiological (production of 
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ethylene and rate of respiration) changes in Frantoio and Manzanilla olive cultivars 
grown in south-western Australian conditions. The results obtained from this 
experiment have been discussed here in light of the available relevant information 
from studies of other investigators. 
4.4.1. Fruit growth parameters (fruit weight, fruit volume, fruit length, fruit 
width, pulp weight, stone weight and pulp/stone ratio) 
As expected, fruit weight, volume, length and width exhibited double sigmoid 
growth pattern in both the cultivars. The fruit weight (g) and volume (cc) increased 
significantly (P ≤ 0.05) irrespective of the cultivars with the progress of growth 
period. The average fruit weight and volume were higher in Manzanilla than Frantoio 
(Fig 4.1A and B). Changes in fruit growth parameters such as fruit weight and 
volume do not depend on the cultivar (Lavee et al., 1982, 1991; Barone et al., 1994; 
Inglese et al., 1996; Barranco et al., 2000 and Iniesta et al., 2009), however, the fresh 
fruit weight differs for cultivars and it is genetically determined (Beltrán et al., 
2004). Concurrent increase of fruit weight with progression of fruit growth until 
maturation has also been reported from recent works on olive fruit (Lavee and 
Wodner, 2004; Menz and Vriesekoop, 2010 and Dag et al, 2011). Mailer et al. (2007) 
observed significant year effect on the physical measurements (e.g. maturity index, 
moisture content, oil content and fruit weight) of olive fruit cvs. Corregiolla, Mission 
and Paragon (all members of the Frantoio group) grown in the south western region 
of New South Wales, Australia, and harvested at six different times during the 
season, over three years.  
      Similarly, it was also observed that the fruit length (cm) and width 
increased significantly in both cultivars with the progress of fruit growth irrespective 
of the cultivars. cv. Manzanilla fruit showed significantly higher fruit length and 
width than Frantoio (Fig. 4.2A and B). It was also noted that the pulp weight (g), 
stone weight (g) and their ratio increased significantly (P ≤ 0.05) with the progress of 
growth period and cv. Manzanilla showed significantly higher values than cv. 
Frantoio (Fig. 4.3A, B and C). Our observations support the observations of Lavee et 
al. (1990) and Tombesi (1994) that fruit growth exhibit double sigmoid growth curve 
and the growth and development of olive fruit are influenced by cultivar, growing 
conditions and cultural practices. 
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4.4.2. Production of ethylene and rate of respiration 
Production of ethylene and rate of respiration were higher at the initial stages of fruit 
growth and declined significantly in both cultivars from 30 days after full bloom. On 
190 days after full bloom, increased ethylene production was observed. The 
increased ethylene production was observed 175 days after full bloom in cv. 
Manzanilla and after 190 days of full bloom in cv. Frantoio. Kitasaki et al. (1999) 
also reported higher rate of respiration and ethylene production during first three 
weeks after bud burst and then a decline in both. Similar results have also been 
reported for young fruit development in cherry (Blanpied, 1972) which reflects the 
high respiratory levels in the meristematic cells of young fruit. Both ethylene and 
respiration follow a similar pattern of changes suggesting a possible interaction 
between them (Kitasaki et al., 1999). Generally photosynthesis occurs in the 
presence of chlorophyll in the exocarp and the mesocarp contains significant 
amounts of phosphoenol pyruvate carboxylase (Sánchez, 1994), the CO2 fixation 
enzyme. During the fruit development, CO2 produced from the mitochondrial 
respiration of photoassimilates becomes photosynthetically fixed into triose-
phosphate in the fruit chloroplasts in the light period and thereby the growing fruit 
expresses a lower level of CO2 as an indicator during the measurement of respiration 
(Sánchez and Harwood, 2002). Cv. Frantoio showed a significantly higher level of 
ethylene production and rate of respiration than cv. Manzanilla which might have 
been genetically determined. 
4.4.3. Fruit ripening index 
The fruit ripening index increased exponentially in both cultivars with the progress 
of fruit growth (Fig. 4.5). The cv. Frantoio showed significantly higher ripening 
index (1.36- fold) than cv. Manzanilla. Barranco et al. (2000) also reported varied 
pattern of ripening index for different cultivars including Frantoio. Photosynthetic 
activity in the fruit tissue decreases with the progress of fruit growth and ripening 
which reduces the concentrations of both chlorophylls and carotenoids (Salvador et 
al., 2001). The fruit becomes violet or purple due to the accumulation of 
anthocyanins at its black ripe stage (Roca and Minguez-Mosquera, 2001). A number 
of changes occur during the ripening of olive and these changes influence fruit 
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firmness, chemical composition and sensory characteristics of the fruit and oil 
(Beltrán, 2000). 
4.4.4. Fruit firmness 
The fruit firmness (N) in cv. Manzanilla decreased significantly (4.36-fold) with the 
advancement of fruit development and maturation (Fig.4.6). During the ripening 
phase, the rapid change in the fruit texture takes place over a period of 1–2 weeks 
and can be observed as a change from hard to softer texture when the fruit is easily 
squashed and some juice is released (Rotondi et al., 2004). The composition of 
chemical and biochemical components including fatty acids, polyphenols, 
tocopherols and sterols change with maturation and the magnitude of these changes 
depend on the cultivar, climate and growing conditions (Gutierrez et al., 2000). 
These changes are consequent with the textural changes as well and the flesh 
firmness reduces with progress of fruit maturity (Nanaos et al., 1999). Firmness of 
olive pulp decreases with the loss of uronic acids in the cell wall as reported earlier 
by Jimenez et al. (2001) in Hojiblanca olives during ripening. A decrease in methyl 
esterification of olive pulp cell wall pectic polysaccharides during ripening causes 
the loosening of complexation between galacturonic acid and Ca (Mafra et al., 2001 
and Ferreira et al., 2006) which ultimately decreases the olive pulp firmness. The 
increased ethylene production at 175 days after full bloom in Manzanilla and 190 
days after full bloom in Frantoio may also be ascribed to the loss of fruit firmness. 
Ethylene plays an important role in fruit softening (Menniti et al., 2004), whilst 
exogenous application of ethylene receptor blockers such as 1-methylcyclopropene, 
has been reported to delay fruit softening in climacteric fruit (Sisler and Serek, 
1997). 
4.5. Conclusion 
Changes occur during the growth and development of olive fruit including different 
physiological and physical changes. The current experiment was conducted to 
understand these changes in respect of days after full bloom on two olive cultivars 
Frantoio and Manzanilla grown in south-western Australian condition. The fruit 
weight (g), fruit volume (cc), fruit length (cm), fruit width (cm), pulp weight (g), 
stone weight (g), pulp/stone ratio and fruit ripening index increased significantly (P ≤ 
0.05) irrespective of the cultivars with the progress of growth period. The increase of 
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these parameters continued until 150 to 175 days after full bloom and then plateaued. 
Higher average values for these parameters were noted in Manzanilla than Frantoio. 
Production of ethylene, rate of respiration and fruit firmness declined significantly in 
both cultivars with the progress of fruit growth. At 190 days after full bloom, the 
ethylene peak was observed suggesting that ethylene modalities olive fruit ripening. 
Moreover, exogenous application of ethylene has also hastened fruit ripening in 
Frantoio and Manzanilla cultivars. It could be concluded that the value of physical 
parameters related to olive fruit growth and development increased with the progress 
of fruit growth after full bloom until 175 days and physiological parameters showed 
a declining trend during this period with a peak at 175 to 190 days after full bloom. 
Ethylene seems to be involved in initiation of olive fruit ripening. 
 
 
 
 
 
 
 
 
 
 
Chapter 5: Effect of harvesting time on the quality of olive fruit and oil 
 
54 
 
Chapter 5 
Effect of harvesting time on the physical, biochemical and sensory 
attributes of olive fruit and oil from cvs. Frantoio and Manzanilla in 
south-western Australia 
Abstract 
Well reported are factors influencing cultural practices, application of technologies, 
oil extraction method, storage conditions and quality of olive oil. Effect of harvesting 
time at different ripening stages of fruit is also an influential factor. There is a 
scarcity of published reports on the effects of harvesting time on the quality attributes 
of olives grown in south-western Australia. Therefore, the current investigations 
reported in this thesis were conducted during 2013 and 2014 to explore the effects of 
five different harvesting times (mid- and late-April, mid- and late-May and mid-
June) on the physical, biochemical and sensory attributes of cvs. Frantoio and 
Manzanilla olives grown in south-western Australia and their respective oils. The 
fruit of cv. Manzanilla showed higher fruit removal force, moisture content (%) and 
oil content in dry weight (%) than cv. Frantoio. Furthermore, lowest moisture and oil 
content were observed in the driest harvest year, 2014. The fatty acids showed 
significant increase (free fatty acid, palmitic acid, stearic acid, linoleic acid) or 
decrease (peroxide value, oleic acid, MUFA, PUFA and MUFA:PUFA ratio) with 
the delay of harvesting from first to fifth periods in both of the years, irrespective of 
the cultivars. A significant gradual decrease was noted in major polyphenol 
compounds from first to fifth harvest. The concentration of phenolic compounds was 
comparatively high in the fruit harvested in 2014. The sensory attributes of cvs. 
Frantoio and Manzanilla deteriorated with the delay of harvesting, with water stress 
possibly influencing the bitterness of the fruit in 2014. In conclusion, the harvesting 
of olive fruit during the early part of winter delivered olive oil with better physical, 
biochemical and sensory attributes and climatic conditions such as water stress 
negatively influences the quality attributes of olive fruit. Higher concentrations of 
phenolic compounds were observed in 2014 with less rainfall; however the trend of 
declining concentration from first to fifth harvest was comparatively prominent in 
2014 than 2013. 
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5.1. Introduction 
Olive oil is one of the oldest produced foods providing perfect balance of aroma, 
taste, flavour and health benefits. The dietary importance of olive oil and health 
benefits are due to both fatty acid composition and minor compounds like 
polyphenols, tocopherols, sterols and carotenoids (La Lastra et al., 2001). It also 
provides many nutrients including vitamin E, beta-carotene and minerals (Reichelt 
and Burr, 2000). Intake of olive oil reduces harmful cholesterol LDL (Low Density 
Lipoprotein) without reduction in beneficial HDL (High Density Lipoprotein) 
cholesterol (Psaltopoulou et al., 2004). Olive oil fatty acids contain 16 to 18 carbon 
atoms with a carboxyl group (COOH) at one end (Mailer et al., 2005). The major 
olive oil fatty acid is oleic acid which is monounsaturated and accounts for 55% to 
83% of total fatty acids (Aparicio, 1999 and  Beltran, 2000 ). 
      Extra virgin olive oil contains numerous phenolic antioxidants which are 
potent inhibitors of oxidation and reduce the cancer risk (Owen et al., 2000).  
Furthermore, o-diphenol family is identified as the major source contributing to the 
overall antioxidant activity and sensorial properties of extra virgin olive oils (Lavelli, 
2002). The total phenol in olive oil ranges between 50-1000 mg L-1 (Aguilera et al., 
2005; Salvador et al 2001; Youssef et al., 2010). The concentration of phenolic 
compounds in virgin olive oil is significantly affected by many agronomical and 
technological factors such as cultivar, maturity stage, location, soil, irrigation 
systems, environmental factors and production process  (Nergiz, 2000; Ranalli et al., 
2001; Patuumi et al., 2002; Kalua et al., 2005;  Baccouri et al., 2008; Dag et al., 
2011). 
      A significantly higher amount of oil (%) was reported in early ripening fruit 
(Salvador et al., 2001; Lavee and Wodner, 2004). Anastasopoulos et al. (2011) 
reported that crop year and maturation phases of olive fruit affect the amount of total 
phenol in olive oil. Lavee and Wonder (2004) observed uniform oil content in the 
mesocarp of black matured fruit of Barnea and Manzanilla cultivars regardless of 
size and level of fruit yield. Similar observation was reported by Beltran et al. 
(2004), however they claimed that the oil content may vary due to climatic 
conditions such as lower rainfall, which may cause lower oil and higher dry matter 
content in olive fruit. Quality indexes and fatty acid composition are most 
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significantly affected by maturity fruit of olives (Dabbou et al., 2011). Maximum oil 
content was reported between 60th to 75th days after the start of the ripening process 
(Camposeo et al., 2013). Reduction in the value of most of the analytical parameters 
such as peroxide value, pigments, sensory scores, oleic acid and total sterols; and 
increase in the free acidity and linoleic acid were observed during ripening of cv.  
Cornicabra olive (Salvador et al., 2001). 
Olive oil from the major cultivars grown in Australia does not meet some of 
the limits set by international standards for some parameters in some cases (Mailer et 
al., 2010). There are limited studies reported from New South Wales (NSW), 
Australia, on the effect of harvesting time on oil content. From these reports it has 
been noted that olive fruit oil content increases rapidly until fruit maturity with 
different rate between cultivars to reach a maximum percentage of oil content 
(Mailer et al., 2007 and Zeleke et al., 2012). Ayton et al. (2007) also reported 
significant effect of cultivation year and harvesting time on total polyphenols, 
chlorophyll concentration, palmitic acid and linoleic acid in oil from the olives 
grown in NSW, Australia. Qualitative effects of harvesting time on polyphenol 
profile in olives grown in NSW conditions were also reported by Obied et al. (2008). 
Despite the enormous potentiality and economic importance of growing olives in 
Western Australia (WA) (Kailis, 1999), there is no information available on chemical 
composition and properties of the olives and extracted oil according to the ripening 
stages of the fruit grown under south-western Australian conditions. Therefore, the 
current study was conducted with the aim of determining the optimal harvest time of 
olive cvs. Frantoio and Manzanilla in south-western Australia and finding out the 
effect of different harvesting times/stages (April to June) of ripening on olives based 
on the physical (fruit removal force, fruit moisture and oil content), biochemical 
(level of fatty acids and polyphenols) and sensory attributes (fruitiness, bitterness and 
pungency).  
5.2. Materials and Methods  
5.2.1. Study location and climatic conditions 
The experiment was conducted in the olive field at Talbot Grove, York (31°52ʹ44″ 
S, 116°45ʹ57″ E), located at 120 km east of Perth, Western Australia. Details on the 
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study location and its climatic conditions have been described in Chapter 3, Section 
3.1. 
5.2.2. Design of experiment and treatments 
The studies were conducted by following two-factor (harvesting time X cultivar) 
factorial Randomized Complete Block Design (RCBD) with 4 replication units. Five 
olive trees were considered as an experimental unit. Different harvesting times were 
in autumn as mid- and late-April, mid- and late-May and early winter, mid-June. The 
cultivars included in this experiment were cvs. Frantoio and Manzanilla.   
5.2.3. Experimental olive trees and their maintenance 
The experiment was conducted with 15 year old central leader-shaped olive trees of 
cvs. Frantoio and Manzanilla and the planting pattern and other management 
practices have been detailed in Chapter 3, Section 3.1. 
5.2.4. Collection of olives and preparation of virgin olive oil 
Olive fruit (composite sample of 1.5 to 2 Kg) were harvested by hand from five 
representative trees included in each replicate of cvs. Frantoio and Manzanilla The 
fruit were harvested at five different ripening times from mid-autumn to early winter 
(April to mid-June) (Table.5.1) at fortnightly intervals in 2013 and 2014. Virgin olive 
oil was prepared from the collected fruit by following the method of Rivas et al. 
(2013) and as described in Chapter 3, Section 3.4. 
Table. 5.1. Harvest time of cvs. Frantoio and Manzanilla olive fruit during 2013 and 
2014. 
Harvest Time Harvest time 2013 Harvest time 2014 
 First  17th April 15th April 
Second  30th April 29th April 
Third 14th May 13th May 
Fourth 28th May 29th May 
Fifth 11th Jun 12th June 
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5.2.5. Observations recorded: 
5.2.5.1. Fruit removal force (FRF)  
The FRF was determined by using a texture profile analyser (TPA Plus, AMETEK 
Lloyd Instruments Ltd, Hampshire, UK), equipped with horizontal square base table 
(15 cm × 15 cm) and interfaced to a personal computer with Nexygen® software. The 
procedure of determining FRF has been detailed in Chapter 3, Section 3.5.5. 
5.2.5.2. Moisture content (%) of olive fruit 
The olive fruit moisture content was determined according to (COI/OH/Doc. No 1 
November 2011) by using 60g healthy and randomly selected olive fruit. The fruit 
were ground with a hammer mill and dried in a forced air oven at 105°C for 
approximately 8–10 hours until the weight was constant. Details of determining 
moisture content in olive samples have been described in Chapter 3, Section 3.5.7. 
5.2.5.3. Olive oil content (% dry basis) 
Olive oil percentage was determined from fresh olive fruit by following the method 
described by Avidan et al. (1999) with some modifications. Ten grams of olive fruit 
paste from each replicate of cvs. Frantoio and Manzanilla was taken in small 
scintillation vials and dried in an oven at 80°C for 24h to constant weight. Then 5g of 
each dried sample was transferred to 25×100 mm glass tubes and 10 ml of petroleum 
ether at 60-80°C was added, and the mixture homogenised at medium speed for 30 
sec with a vortex mixer (Heidolph, Reax Top, Australia). The content was rinsed 
with 5 ml petroleum ether and agitated overnight with a rotator shaker (Ratek Orbital 
Mixer, Australia). The following day each extract was passed through a paper filter 
and again rinsed with 5 ml petroleum ether. This dissolved oil was recovered by 
evaporating off the petroleum ether at 40°C. The detail of determining oil content has 
been described in Chapter 3, Section 3.5.8. 
5.2.5.4. Determination of free fatty acid 
The free fatty acid (%) was determined according to the EC (2568/91) method and as 
described in Chapter 3, Section 3.5.11. Only 10 g of virgin olive oil was dissolved in 
50 ml of the solvent mixture (1:1 of 95% (V/V) ethanol and diethyl ether) and 
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titrated with a solution of potassium hydroxide to a pink colour that persisted for at 
least 10 sec.  
5.2.5.5. Peroxide value of oil 
Peroxide value of the virgin olive oil fraction was determined according to EC 
2568/1991 method under artificial or diffused daylight. Only 1-2 g of the virgin olive 
oil sample was added to 10 ml of chloroform, 15 ml of acetic acid and 1 ml of 
potassium iodide (KI) in a 250 ml flask. The mixture was shaken for 1 minute and 
then left for 5 minutes at a temperature of 15 to 25°C in the dark. Then 75 ml of 
distilled water was added and the mixture titrated with the sodium thiosulphate 
solution (0.002 N). During titration, the flask and contents were shaken. The detailed 
procedure with calculation for determining peroxide value has been presented in 
Chapter 3, Section 3.5.11. 
5.2.5.6. Determination of fatty acid composition 
Fatty acid composition of virgin olive oil samples was determined by using a gas 
chromatograph following the method prescribed by the International Olive Council 
(2001). Methanol with heptane and methanolic potassium hydroxide (2M) were 
mixed with the oil sample and the mixture was homogenized vigorously for 30 
seconds. The upper layer containing methyl esters was decanted and injected into the 
gas chromatograph with heptane solution. The gas chromatograph was fitted with a 
fused silica column (50m length × 0.25mm i.d.) coated with SGL-1000 phase 
(0.25µm thickness Suger labour, Spain) and containing a FID detector (HP 6890, 
Agilent Technologies). Detailed procedure of determining fatty acid composition has 
been described in Chapter 3, Section 3.5.12. 
5.2.5.7. Total polyphenols   
The total phenols were quantified by following the method of (Ranalli et al., 1999). 
Olive oil (10g) was isolated and dissolved in hexane by triple extraction of a solution 
with a water/methanol mixture (60:40, v/v). Folin-Ciocalteu phenol reagent was 
absorbed later using a spectrophotometer (Model SECOMAM ANTHELIE 
Advanced, France). The absorption of extracts was read at 725 nm, and then 
calculated according to Mateos et al. (2001), as described in Chapter 3, Section 
3.5.13. 
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5.2.5.8. Determination of polyphenol compounds 
Polyphenol compounds were determined by adding only 5 ml of methanol/water 
(80/20, v/v) with 5 g of virgin olive oil and analysing the mixture by HPLC-DAD. 
The phenolic compounds were quantified at 235-280 nm using syringic acid as 
internal standard. Phenolic standards (3,4 DHPEA-EA, Tyrosol and hydroxytyrosol) 
of 0.015 mg/ml strength were prepared and used to determine the level of 
polyphenols and calculation as described in Chapter 3, Section 3.5.14. using the 
official method of the International Olive Council, COI/T.20/Doc. No 29. 
5.2.5.9. Olive oil sensory attributes 
A tasting panel of seven trained tasters examined olive oil samples on two different 
days with short breaks between each two tests. The members were supplied with 
scaled sheets for sensory attributes such as fruitiness, bitterness and pungency. Each 
attribute was scaled from 0 to 10 where 1 represented the value for the poorest and 
10 the best possible quality for the sample. The procedure of measuring sensory 
attributes has been detailed in Chapter 3, Section 3.5.15. 
5.2.6. Statistical Analysis 
All the experimental data were subjected to two-way analysis of variance (ANOVA) 
using Genstat 14 (release 14.1; Lawes Agricultural Trust, Rothamsted Experimental 
Station, Harpenden, UK). The effects of various treatments and their interactions 
were assessed within ANOVA and least significant differences (Fisher’s LSD) were 
calculated following significant (P ≤ 0.05) F test. All the assumptions of analysis 
were checked to ensure validity of statistical analysis. The data on various 
parameters over two years were not pooled because error mean squares over years 
were found to be heterogeneous. 
5.3. Results: 
5.3.1. Physical properties  
5.3.1.1. Fruit removal force 
The mean fruit removal force in olive fruit significantly reduced irrespective of the 
cultivar from first to fifth harvest (5.85 N to 4.00 N) in 2013 (Fig.5.1). A similar 
trend in reduction of fruit removal force was also noticed in 2014. The highest 
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removal force (6.20 N) was in first harvest time of cv. Manzanilla in 2013 and the 
lowest (2.47N) was in fifth harvest time of cv. Frantoio in 2014. When averaged over 
treatments, the mean fruit removal force was significantly higher in cv. Manzanilla 
than cv. Frantoio (1.71- and 1.43-fold in 2013 and 2014 respectively). There was a 
significant (P ≤ 0.05) interaction between harvest time and cultivars for fruit removal 
force in both years.  
 
 
Fig. 5.1.  Effects of different harvest time on mean fruit removal force (FRF) in both 
olive cultivars during 2013 and 2014 .Vertical bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
 
Fig.5.2. Effects of different harvest time on the fruit removal force in cvs. Frantoio 
and Manzanilla olives during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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5.3.1.2. Fruit Moisture (%) 
When averaged over cultivars, mean moisture percentage in the fruit declined from 
first to fifth harvest in 2013 and 2014 (from 57.57 to 54.08% and from 54.69 to 
51.48% respectively) (Figure. 5.3). The highest moisture was in first harvest time of 
Manzanilla in 2013 (62.35%) and the lowest was in fifth harvest time of cv. Frantoio 
in 2014 (47.25 %) (Fig.5.4). When averaged over treatments, the mean fruit moisture 
(%) was significantly higher in cvs. Manzanilla than Frantoio (1.19-fold in both 
years). There was a significant (P ≤ 0.05) interaction between harvest time and 
cultivars for fruit moisture (%) in both years. 
    
Fig.5.3. Effects of different harvest time on mean level of moisture (%) in the olive 
fruit for both cultivars during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05) 
 
 
 
 
 
 
Fig.5.4. Effects of different harvest time on the levels of fruit moisture (%) of cvs. 
Frantoio and Manzanilla olives during 2013 and 2014.Vertical bars represent LSD (P 
≤ 0.05). 
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5.3.1.3. Oil content (% dry weight) 
The mean oil percentage in olive fruit significantly increased (1.07-fold and 1.10-
fold respectively) irrespective of cultivars from first to fifth harvest time in 2013 and 
2014 (Fig. 5.5). The oil accumulates faster in cvs. Manzanilla than Frantoio from 
first to fifth harvest time in both years (Figure 5.6). However the highest oil 
percentage was noted in fifth harvest time in cv. Frantoio during 2013 and 2014 
(39.05% and 38.55% respectively). Meanwhile, in cv. Manzanilla, fourth and fifth 
harvest time resulted in higher oil percentage both years (38.65%, 38.58% in 2013 
and 38.05%, 37.85% in 2014 respectively). Irrespective of the harvest time, the mean 
oil percentage in cv. Manzanilla was significantly higher than Frantoio (1.01-fold) in 
both the years. There was a significant (P ≤ 0.05) interaction between harvest time 
and cultivars in both years for percentage of oil (% dry weight). 
 
 
 
Fig.5.5. Effects of different harvest time on mean oil percentage (% dry weight) in 
olive fruit for both cultivars in 2013 and 2014. Vertical bars represent LSD (P ≤ 
0.05) 
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Fig.5.6. Effects of different harvest time on concentration of oil (% dry weight) in 
cvs. Frantoio and Manzanilla olives during 2013 and 2014. Vertical bars represent as 
LSD (P ≤ 0.05). 
5.3.2. Chemical aspects of virgin olive oil 
5.3.2.1. Free fatty acid (%) 
Irrespective of the cultivars, the mean free fatty acid (%) in virgin olive oil increased 
significantly from first to fifth harvest in 2013 (from 0.27% to 0.37%) and in 2014 
(from 0.28% to 0.38%) (Fig.5.7). The concentration of free fatty acid (%) increased 
significantly with delay in harvest from first to fifth in cv. Manzanilla (from 0.28% 
to 0.37% in 2013 and 0.32% to 0.37% in 2014) and cv. Frantoio (from 0.25% to 
0.37% in 2013 and 0.24% to 0.38% in 2014) (Figure 5.8). When averaged over 
harvest treatments, the mean free fatty acid (%) was significantly higher in cv. 
Manzanilla (0.33% and 0.34%) than cv. Frantoio (0.32 % and 0.30%) during 2013 
and 2014 respectively. The interaction between harvest time and cultivars for free 
fatty acid in the oil during 2013 was non-significant; whilst in 2014, the interaction 
was significant (P ≤ 0.05). 
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Fig. 5.7.  Effects of different harvest time on mean free fatty acid (%) in virgin olive 
oils for both cultivars during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
 
Fig. 5.8.  Effects of different harvest time on the free fatty acids (%) in the oil of cvs. 
cvs. Frantoio and Manzanilla olives during 2013 and 2014. Vertical bars represent 
LSD (P ≤ 0.05). 
5.3.2.2. Peroxide value 
The peroxide value in olive cultivars decreased significantly from first to fifth 
harvest (0.47-fold in 2013 and 0.59-fold in 2014) (Fig. 5.9). The peroxide value in 
virgin olive oil of cv. Manzanilla decreased significantly with delay in harvest from 
first to fifth (from 6.65 to 3.28 meq O2 kg-1 in 2013 and from 3.28 to 5.31 meq O2 kg-
1 in 2014) (Figure 5.7). Similar trend was also observed in cv. Frantoio in both years. 
The Frantoio virgin olive oil showed significantly higher peroxide value than cv. 
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significant (P ≤ 0.05) interaction between harvest time and cultivars in both years for 
peroxide value in oil. 
 
 
Fig. 5.9.  Effects of different harvest time on mean peroxide value (meq O2 kg-1) in 
virgin olive oils during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
Fig. 5.10.  Effects of different harvest time on peroxide value (meq O2kg-1) in virgin 
olive oils of cvs. Frantoio and Manzanilla olives during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05). 
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The concentration of palmitic acid (C16:0) in virgin olive oil increased significantly 
with delay in harvest from first to fifth (1.08-fold in 2013 and 1.12-fold in 2014) in 
both years (Fig. 5.11). Significant increase of palmitic acid (C16:0) in virgin olive oil 
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2013 and from 12.00 to 13.96 % in 2014) in cv. Frantoio (from 12.54 to 13.64 % in 
2013 and from 13.74 to 15.04 % in 2014). The cv. Frantoio virgin olive oil showed 
significantly higher amount of palmitic acid (C16:0) than Manzanilla (1.05- fold in 
2013 and 1.08-fold in 2014) (Fig. 5.11).  
 
Fig. 5.11. Effects of harvest time on mean levels of palmitic acid (C 16:0) (%) in 
olive oil during for both cultivars in 2013 and 2014. Vertical bars represent LSD (P≤ 
0.05). 
 
 
 
 
 
 
 
Fig. 5.12. Effects of different harvest time on the level of palmitic acid (C 16:0) (%) 
in the virgin olive oil of cvs. Frantoio and Manzanilla olives during 2013 and 2014. 
Vertical bars represent LSD (P ≤ 0.05). 
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5.3.2.3.2. Stearic acid (C18:0)  
The stearic acid (C18:0) in virgin olive oil increased significantly with delay in 
harvest from first to fifth (1.39-fold in 2013 and 1.51-fold in 2014). Irrespective of 
the harvest time and cultivars, the stearic acid was higher in 2013 than 2014 (1.34-
fold) (Fig. 5.13). The Manzanilla virgin olive oil showed significantly higher amount 
of stearic acid than Frantoio in both 2013 and 2014 (1.42- fold) (Fig. 5.14). 
Moreover, the highest stearic acid (C18:0) was in fifth harvest time of Manzanilla in 
2013 (3.31%) and the lowest was in first harvest time of cv. Frantoio in 2014 
(1.23%) (Fig.5.14). Significant (P ≤ 0.05) interaction between harvest time and 
cultivars in both years was observed for stearic acid. 
Fig. 5.13. Effects of harvest time on mean levels of stearic acid (C 18:0) (%) in 
virgin olive oil for both cultivars during 2013 and 2014. Vertical bars represent LSD 
(P ≤ 0.05). 
 
 
 
 
 
 
Fig. 5.14. Effects of different harvest time on the level of stearic acid (C 18:0) (%) in 
the virgin olive oil of cvs. Frantoio and Manzanilla olives during 2013 and 2014. 
Vertical bars represent LSD (P ≤ 0.05) 
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5.3.2.3.3. Oleic acid (C18:1) 
The mean oleic acid (C18:1) content in virgin olive oil decreased significantly with 
delay in harvest time from first to fifth (0.96-fold in 2013 and 0.97-fold in 2014) in 
both years (Fig. 5.15). The virgin olive oil oleic acid (C18:1) decreased significantly 
from first to fifth harvest in cv. Manzanilla (from 78.75 to 76.29% in 2013 and from 
76.58 to 74.53% in 2014). Similarly, in cv. Frantoio it also decreased in both years 
(Fig. 5.16). The cv. Manzanilla virgin olive oil showed significantly higher amount 
of oleic acid (C18:1) than cv. Frantoio (1.08- fold in 2013 and 1.06- fold in 2014). 
There was significant (P ≤ 0.05) interactions between harvest time and cultivars for 
oleic acid (C18:1) in oil during 2013 and 2014. 
 
Fig. 5.15. Effects of harvest time on mean of oleic acid (C18:1) (%) in virgin olive 
oil for both cultivars during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
Fig. 5.16. Effects of different harvest time on the level of oleic acid (C18:1) (%) in 
the virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical 
bars represent LSD (P ≤ 0.05). 
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5.3.2.3.4. Linoleic acid (C18:2)  
Irrespective of the cultivars, the linoleic acid (C18:2) content in virgin olive oil 
increased significantly with delay in harvest from first to fifth (1.19- fold in 2013 and 
1.14-fold in 2014). The level of linoleic acid (C18:2) was higher in 2013 than 2014 
(1.08-fold) (Fig. 5.17). The cv. Frantoio virgin olive oil showed significantly higher 
amount of linoleic acid (C18:2) than cv. Manzanilla (1.16- fold and 1.12 fold in 2013 
and 2014 respectively) (Fig.5.18). Highest concentration of linoleic acid (C18:2) was 
observed in fifth harvest of Frantoio in 2014 (10.94%) and the lowest was in first 
harvest of cv. Manzanilla in 2013 (7.69%) Significant (P ≤ 0.05) interaction between 
harvest time and cultivars in both years was observed for linoleic acid.  
 
Fig. 5.17. Effects of harvest time on mean level of linoleic acid (C 18:2) (%) in 
virgin olive oil for both cultivars during 2013 and 2014. Vertical bars represent LSD 
(P ≤ 0.05). 
 
 
 
 
 
Fig. 5.18. Effects of different harvest time on the level of linoleic acid (C18:2) (%) in 
the virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical 
bars represent LSD (P ≤ 0.05). 
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5.3.2.3.5. Monounsaturated fatty acids (MUFA) 
Irrespective of the cultivars, the concentration of MUFA (%) in virgin olive oil 
decreased significantly from first to fifth harvest (from 77.99 to 75.90% in 2013 and 
from 75.86 to 74.44% in 2014) (Fig. 5.19). The virgin olive oil MUFA (%) also 
decreased significantly from first to fifth harvest in cv. Manzanilla (from 80.90 to 
79.51 % in 2013 and from 78.12 to 76.94 % in 2014) and Frantoio (from 75.08 to 
72.30 % in 2013 and from 73.61 to 71.94 % in 2014) (Fig. 5.20). When averaged 
over treatments, the mean of MUFA percentage was significantly higher in 
Manzanilla than Frantoio cvs. in 2013 (1.08-fold) and in 2014 (1.06-fold). 
Significant (P ≤ 0.05) interactions were noticed between harvest time and cultivars 
for MUFA in virgin olive oil in both years. 
 
Fig. 5.19. Effects of harvest time on the level of mean monounsaturated fatty acids 
(MUFA %) in virgin olive oil for both cultivars during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05) 
 
 
 
 
 
 
Fig. 5.20. Effects of different harvest time on the level of monounsaturated fatty acid 
(MUFA %) in the virgin olive oil of cvs. Frantoio and Manzanilla olives during 2013 
and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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5.3.2.3.6. Polyunsaturated Fatty Acids (PUFA %)  
The polyunsaturated fatty acids (PUFA) content in virgin olive oil decreased 
significantly with delay in harvest from first to fifth (1.15- fold in 2013 and 1.12-fold 
in 2014). Higher concentration of PUFA (%) was recorded in 2013 than 2014 (1.02-
fold) (Fig. 5.21). The cv. Frantoio virgin olive oil showed significantly higher 
amount of PUFA than cv. Manzanilla (1.32- and 1.10-fold in 2013 and 2014 
respectively) (Fig. 5.22). Moreover, the highest PUFA (%) was in fifth harvest time 
of Frantoio in 2013 (11.49 %) and the lowest was in first harvest of cv. Manzanilla in 
2013 (8.39 %) (Fig.5.21). The interactions between harvest time and cultivars in both 
years were significant (P ≤ 0.05) for PUFA (%). 
 
Fig. 5.21. Effects of harvest time on mean of level of polyunsaturated fatty acids 
(PUFA %) in virgin olive oil for both cultivars during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05) 
 
 
 
 
 
 
Fig. 5.22. Effects of different harvest time on polyunsaturated fatty acid (PUFA %) 
in the virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical 
bars represent LSD (P ≤ 0.05). 
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5.3.2.3.7. Ratio of mono- and polyunsaturated fatty acid (MUFA:PUFA) 
The ratio of MUFA:PUFA in virgin olive oil decreased significantly from first 
harvest to fifth harvest in 2013 (from 8.56 to 7.24) and 2014 (from 7.84 to 6.87) (Fig. 
5.23). The ratio also decreased significantly from first to fifth harvest (9.65 to 8.20 in 
2013 and 8.32 to 7.48 in 2014) in cvs. Manzanilla than Frantoio (7.54 to 6.29 in 2013 
and 7.36 to 6.27 in 2014) (Fig. 5.24). When averaged over treatments, the ratio was 
significantly higher in cvs. Manzanilla than Frantoio in 2013 (1.31-fold) and 2014 
(1.17-fold). Significant (P ≤ 0.05) interactions were noticed between harvest time 
and cultivars for MUFA:PUFA ratio in both years. 
 
Fig.5.23. Effects of harvest time on mean level of the ratio of mono- and 
polyunsaturated fatty acid (MUFA:PUFA) in virgin olive oil for both cultivars during 
2013 and 2014. Vertical bars represent LSD (P ≤ 0.05) 
 
 
 
 
 
 
Fig. 5.24. Effects of different harvest time on ratio of mono- and polyunsaturated 
fatty acid (MUFA:PUFA) in the virgin olive oil of cvs. Frantoio and Manzanilla 
during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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5.3.2.4. Polyphenolic compounds: 
5.3.2.4.1. Hydroxytyrosol 
The level of hydroxytyrosol in virgin olive oil was significantly higher in 2014 than 
2013 (1.41-fold) and a decreasing trend was observed in both years with the delay of 
harvesting (from 6.24 to 3.83 mg kg-1 and from 8.52 to 5.86 mg kg-1 in 2013 and 
2014 respectively) (Fig. 5.24). In 2013, a 0.71-fold decrease in hydroxytyrosol 
compound in virgin olive oil was observed from first to fifth harvest in cv. 
Manzanilla which was 0.66-fold in 2014. Similarly, the cv. Frantoio showed a 0.48-
fold decline in hydroxytyrosol level from first to fifth harvest during 2013 and 0.72-
fold decline during 2014 (Fig. 5.25). The highest hydroxytyrosol level 9.59 (mg kg-1) 
was in first harvest time of cv. Manzanilla in 2014 and the lowest hydroxytyrosol 
level was 2.63 (mg kg-1) in fifth harvest time of Frantoio in 2013 (Fig. 26).  
 
Fig. 5.25. Effects of harvest time on mean level of hydroxytyrosol (mg kg-1) in virgin 
olive oil for both cultivars during 2013 and 2014. Vertical bars represent as LSD (P 
≤ 0.05). 
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Fig. 5.26. Effects of different harvest time on the hydroxytyrosol (mg kg-1) in the 
virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05). 
5.3.2.4.2. Tyrosol 
The level of tyrosol was also significantly higher (1.21-fold) in 2014 than 2013 and 
was observed to decrease in both years with the delay of harvesting (from 9.34 to 
6.29 mg kg-1 and from 10.38 to 7.98 mg kg-1 in 2013 and 2014 respectively) (Fig. 
5.26). It declined from first to fifth harvest at 0.82-fold in cv. Manzanilla in both 
harvest years and in cv. Frantoio the level of decrease was 0.49- and 0.63-fold in 
2013 and 2014 respectively (Fig. 28). Higher concentration of tyrosol was observed 
in cv. Manzanilla (9.05 and 10.88 mg kg-1 in 2013 and 2014 respectively) which was 
significantly different from cv. Frantoio (6.93 and 8.51 mg kg-1 in 2013 and 2014 
respectively). Moreover, the highest tyrosol level 12.00 (mg kg-1) was in first harvest 
time of cv. Manzanilla in 2014 and the lowest was 4.04 (mg kg-1) in fifth harvest 
time of cv. Frantoio in 2013 (Fig. 5.27). There was a significant (P ≤ 0.05) 
interaction between harvest time and cultivars for tyrosol concentration during 2013 
and 2014. 
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Fig. 5.27. Effects of harvest time on mean level of tyrosol (mg kg-1) in virgin olive 
oil for both cultivars during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
 
Fig. 5.28. Effects of different harvest time on the level of tyrosol (mg kg-1) in the 
virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05). 
5.3.2.4.3. Oleuropein aglycon (3,4 DHPEA-EA) 
The delay in harvesting of olive fruit from first to fifth harvest showed significant 
decrease in 3,4 DHPEA-EA (1.44- and 1.53-fold in 2013 and 2014 respectively) and 
significantly higher concentration (1.1-fold) of 3,4 DHPEA-EA was observed in 
2014 than 2013 (Fig. 5.29). The level of 3,4 DHPEA-EA in virgin olive oil decreased 
significantly from first to fifth which was noted as 1.4- and 1.29-fold for cv. 
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Manzanilla in 2013 and 2014 respectively. For Frantoio, the level of decrease was 
1.5 and 1.8 -fold in 2013 and 2014 respectively. The level of DHPEA-EA was 
significantly higher (109.85 and 117.46.46 mg kg-1) in Frantoio than Manzanilla cvs. 
(93.46 and 103.30 mg kg-1) during 2013 and 2014 respectively (Fig. 5.30). There was 
a significant (P ≤ 0.05) interaction between harvest time and cultivars for the level of 
oleuropein in the fruit during the both years. 
 
Fig. 5.29. Effects of harvest time on mean level of oleuropein aglycon (3,4 DHPEA-
EA) (mg kg-1) in virgin olive oil for both cultivars during 2013 and 2014. Vertical 
bars represent LSD (P ≤ 0.05). 
 
 
 
 
 
 
 
Fig. 5.30. Effects of different harvest time on mean level of oleuropein aglycon (3,4 
DHPEA-EA) (mg kg-1) in the virgin olive oil of cvs. Frantoio and Manzanilla during 
2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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5.3.2.4.4. Total polyphenols 
The level of total polyphenols in olive oil was also significantly higher (1.17-fold) in 
2014 than 2013 and a gradual decrease was observed here from first to fifth harvest 
in both years (from 360.60 to 272.90 mg kg-1 in 2013 and from 423.70 to 320.30 mg 
kg-1 in 2014) (Fig. 5.31). The highest total polyphenols was 462.6 mg kg-1 in first 
harvest time of cv. Manzanilla in 2014 and the lowest total polyphenols level was 
234.6 mg kg-1 in fifth harvest time of cv. Frantoio in 2013 (fig. 5.32).  
 
Fig. 5.31. Effects of harvest time on mean levels of total polyphenols (mg kg-1) in 
olive oil for both cultivars during 2013 and 2014. Vertical bars represent LSD (P ≤ 
0.05) 
 
 
 
 
 
 
 
Fig. 5.32. Effects of different harvest time on levels of total polyphenols (mg kg-1) in 
the virgin olive oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical 
bars represent LSD (P ≤ 0.05). 
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5.3.2.4.5. Phenolic acids 
A gradual decrease was observed in the level of phenolic acids from first to fifth 
harvest in both olive cultivars in 2013 and 2014 (Table 5.1). An alternative increase 
and decrease in the level of vanillic acid was observed from second to fifth harvest in 
both cultivars during 2013 and 2014. However, a gradual decrease in the level of 
caffeic acid was observed in the olive cultivars (0.74- and 0.76-fold in cv. 
Manzanilla in 2013 and 2014 respectively; 0.36- and 0.40-fold in cv. Frantoio in 
2013 and 2014 respectively). An initial slight decline in second harvest, static 
condition in third harvest and a slight increase and decrease was observed in last two 
harvests in 2013 in the level of syringic acid in cv. Frantoio Fluctuations in the level 
of syringic acid among different harvest time in cv. Manzanilla were also noted in 
both years. A similar inconsistency in the level of para-coumaric acid was observed 
with a 0.93-fold and 0.50-fold decrease from first to fifth harvest of cv. Manzanilla 
during 2013 and 2014 respectively. In Frantoio cv. the level of decrease in para-
coumaric acid was 0.44- and 0.60-fold from first to fifth harvest in 2013 and 2014 
respectively. Except a slight increase (1.07-fold) from third to fourth harvest during 
2013, the level of ferulic acid in cv. Manzanilla showed a gradual decline in both 
harvest years from first to fifth harvest. Similarly, the cv. Frantoio also showed a 
gradual decline in ferulic acid with an exception of slight increase (1.31-fold) from 
first to second harvest in 2013 and static condition between these two harvests in 
2014.   
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Table.5.2. Effects of different harvest time on the levels of different phenolic acids  (mgkg-1) in cvs. Frantoio and Manzanilla virgin olive oil 
during 2013, 2014. 
 
 
  
Harvest time 
Phenolic 
acids  
(mg kg-1) 
Fists ( mid- April) Second (late-April)  Third (mid- May) Fourth (late- May) Fifth (mid-June)  
Manzanilla F r a n t o i o Manzanilla F r a n t o i o Manzanilla F r a n t o i o Manzanilla F r a n t o i o Manzanilla F r a n t o i o LSD (P ≤ 
0.05)  T×Cv 
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 
Vanilic 
acid 0.40 0.43 0.21 0.24 0.43 0.53 0.26 0.26 0.36 0.37 0.26 0.20 0.41 0.55 0.28 0.32 0.33 0.46 0.26 0.29 NS NS 
Caffeic 
acid 0.43 0.62 0.44 0.53 0.43 0.56 0.24 0.62 0.46 0.52 0.17 0.52 0.33 0.48 0.28 0.27 0.32 0.47 0.16 0.21 NS 0.11 
Syringic 
acid 0.15 0.30 0.15 0.25 0.22 0.15 0.13 0.25 0.13 0.15 0.13 0.15 0.13 0.18 0.14 0.13 0.12 0.15 0.12 0.15 0.05 0.07 
Para-
coumaric 
acid 
0.28 0.58 0.39 0.43 0.28 0.46 0.44 0.40 0.26 0.30 0.21 0.33 0.29 0.27 0.35 0.30 0.26 0.29 0.17 0.26 NS NS 
Ferulic 
acid 3.97 5.08 1.75 2.73 3.67 4.95 2.30 2.73 3.55 4.82 1.90 1.67 3.80 4.48 1.71 1.68 2.77 4.11 1.25 1.58 NS NS 
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5.3.3. Sensory attributes of virgin olive oils 
5.3.3.1. Fruitiness attribute 
The mean fruitiness (0-10 cm) in virgin olive oil decreased significantly from the 
first to fifth harvest time (2.85 to 2.39 in 2013 and 3.31 to 2.54 in 2014) (Fig. 5.33). 
With the delay of harvest time from first to fifth the fruity attribute in virgin olive oil 
decreased significantly with cv. Frantoio (from 2.36 to 2.11 in 2013 and from 2.94 to 
2.38 in 2014) and cv. Manzanilla (from 3.34 to 2.67 in 2013 and from 3.67 to 2.71 in 
2014) (Fig. 5.34). Irrespective of the harvest time, the mean virgin olive oil fruity 
attribute score was significantly higher in Manzanilla than Frantoio cvs. (1.7- and 
1.24-fold in 2013 and 2014 respectively). There was a significant (P ≤ 0.05) 
interaction between harvest time and cultivars for fruity attributes in the oil during 
2013 and 2014. 
 
 
Fig. 5.33. Effects of harvest time on the mean fruitiness (0-10 cm) in olive oil during 
2013 and 2014. Vertical bars represent as LSD (P ≤ 0.05). 
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Fig. 5.34. Effects of different harvest time on mean fruitiness (0-10 cm) in the olives 
during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05) 
5.3.3.2. Bitterness attribute 
The bitterness score (0-10 cm) decreased significantly with the delay in harvest time 
of the fruit. Irrespective of the cultivars, the bitterness score was 1.25 and 1.21-fold 
higher in first harvest than the fifth harvest during 2013 and 2014 respectively (Fig.5. 
35). The decrease of bitterness score from first to fifth harvest of cv. Manzanilla 
(from 3.24 to 2.67 in 2013 and from 3.56 to 3.17 in 2014) and for cv. Frantoio (from 
2.98 to 2.27 in 2013 and from 3.21 to 2.61 in 2014) was also recorded (Fig.5.36). 
When averaged over treatments, the mean virgin olive oil bitterness score was 
significantly higher with cv. Manzanilla than for cv. Frantoio (1.12- and 1.08-fold in 
2013 and 2014 respectively).  
 
Fig. 5.35: Effects of harvest time on the bitterness (0-10 cm) in olive oil during 2013 
and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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Fig.5.36. Effects of different harvest time on the bitterness (0-10 cm) of virgin olive 
oil of cvs. Frantoio and Manzanilla during 2013 and 2014. Vertical bars represent 
LSD (P ≤ 0.05). 
5.3.3.3. Pungency attribute 
Virgin olive oil from cv. Manzanilla was significantly less pungent as compared to 
the cv. Frantoio and a gradual significant decrease of pungency score (scale 0-10) 
was also observed in 2013 (from 3.60 to 3.01) and 2014 (from 3.34 to 2.69) (Fig. 
5.37). The highest pungency score was 3.78 in first harvest time of cv. Frantoio in 
2014 and the lowest was 2.38 in fifth harvest time of cv. Manzanilla in 2013 (fig.5. 
38). 
 
Fig. 5.37. Effects of harvest time on the pungency (0-10 cm) in virgin olive oil 
during 2013 and 2014. Vertical bars represent LSD (P ≤ 0.05). 
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Fig. 5.38. Effects of different harvest time on the pungency (0-10 cm) in the virgin 
olive oil of cvs. Frantoio and Manzanilla olives during 2013 and 2014. Vertical bars 
represent LSD (P ≤ 0.05). 
5.4. Discussions  
Frantoio and Manzanilla are two olive cultivars originating from Spain and Italy 
respectively. They are widely cultivated in the olive growing countries of the world 
including Australia due to their high productivity, quality fruit and oil and their 
agronomic adaptability. These cultivars have also been cultivated in south-western 
Australia for several decades (Taylor and Burt, 2007 and Olives, WA, 2015). 
Different factors influence the quality of virgin olive oil. Amongst these are 
agronomic practices (Lercker et al., 1994 and Motilva et al., 2000), application of 
technologies (Di Giovacchino et al., 2002 and Salvador et al., 2003), storage 
conditions (Procida and Cichelli, 1999) and virgin olive processing methods (Issaoui 
et al., 2009). Harvesting time or the ripening status of the fruit was suggested as one 
of the important factors as well (Koutsaftakis et al., 1999). Cinquanta et al. (1997) 
suggested that, the ripeness of the olives along with pedoclimatic conditions 
influence the phenolic composition of virgin olive oil. Over-ripening of olive fruit 
increases both oil yield and the acidity level, but limited amounts of oil can be 
removed from the fruit if harvested too early. Moreover, the sterol composition also 
depends on the ripening stage of the fruit (Anastasopoulos et al., 2011). There is a 
scarcity of published reports on the effects of different factors, especially the 
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harvesting time on the quality attributes of cvs. Manzanilla and Frantoio olives in the 
context of south-western Australia. Therefore, the current study was conducted 
during 2013 and 2014 to explore the effects of five different harvesting times (mid- 
and late-April, mid- and late-May and mid-June of 2013 and 2014) on the physical, 
biochemical and sensory attributes of cvs. Frantoio and Manzanilla olives oil grown 
in south-western Australia.  
5.4.1. Effect of harvesting time on physical parameters 
Reduction of fruit removal force (FRF) (from 5.85 N to 4.00 N) in olive fruit was 
observed irrespective of the cultivars from first to fifth harvest in both years and the 
least fruit removal force was observed in the fruit harvested during mid-June or in 
fifth harvest (Table.5.1). cv. Manzanilla showed higher removal force than cv. 
Frantoio in both of the harvesting years (1.71- and 1.43-fold in 2013 and 2014 
respectively) (Fig.5.1 and fig.5. 2). The FRF is linearly correlated to the stage of fruit 
growth and reduces with the advancement of ripening (Lavee et al., 1973 and Lavee 
et al., 1982). The reduction of FRF could also be ascribed to the level of endogenous 
ethylene which increases with the development of the fruit and contributes in 
reducing the FRF through the release of ethylene (Lavee et al., 1982). The genotypic 
differences cause the variability in FRF between cultivars which has also been 
claimed by early researchers (Lavee and Haskal, 1976). The thickness of stalks 
differs in cultivars that also differ according to the size of the fruit within the cultivar 
which shows a declining trend with the progress of fruit growth (Lavee et al., 1982). 
Moisture content of olive fruit decreased from first to fifth harvest (from 57.57% to 
51.48%) and cv. Manzanilla showed higher moisture content than cv. Frantoio (1.19-
fold in both years) (Fig.5.3 and fig.5.4) grown under the same conditions. Water is a 
major component of olive fruit comprising more than half of the total fruit weight 
and varies according to the variation of seasonal rainfall and cultivar (Beltrán et al., 
2004). From the current study it was revealed that the level of moisture was low in 
2014 when the rainfall was low during the growing period of the fruit in that year. 
The ripening of olive is affected by the cultivar and the environmental factors (Lavee 
et al., 1990). The lowest moisture content was observed in the driest harvest year 
(2014) due to water stress conditions which is supported by Lavee et al. (1991) and 
Ortega et al. (2001). On the other hand, a decrease of moisture content can also be 
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related to the progressive increase of the oil content during fruit maturation (Sánchez 
and Fernández, 1991). 
 Oil content (% dry weight) in olive fruit significantly increased (1.07- to 1.10-
fold) from first to fifth harvest in both years and cv. Manzanilla showed higher oil 
content (%) than cv. Frantoio (1.01-fold) (Fig. 5.5 and fig.5.6). Maximum oil content 
was noted in fruit harvested in 4th harvest or during late May (Table. 5.1). 
Availability of water or its stress largely influences the development and oil content 
of the olive fruit (Lavee et al., 1982, 1990; Barone et al., 1994; Tombesi, 1994 and 
Inglese et al., 1996). The olive cultivars also show differences in oil content for 
growing area and year of cultivation (Barranco et al., 2000). Oil content in olive fruit 
showed an increasing trend until late harvest time in both cvs. Frantoio and 
Manzanilla (Fig. 5.5). A similar observation was reported by Beltrán et al. (2004). 
Oil content at the end of the ripening period showed insignificant differences and 
plateaued due to lower temperature during that period in both years while the autumn 
rains reduced the relative oil content due to rapid changes in water content of fruit 
and flesh (Beltrán et al., 2004). The two cultivars also differed significantly for oil 
content on a dry weight basis which is a genotypic characteristic (Beltrán et al., 
2004). The lowest oil content was found in the low rainfall crop year, 2014, which is 
similar to the findings reported by Ortega et al. (2001) for water stress conditions.  
5.4.2. Effect of harvest time on biochemical parameters fatty acid compositions 
The free fatty acid and fatty acids of olive oil showed significant increase (palmitic 
acid, stearic acid, linoleic acid) or decrease in peroxide (value, oleic acid, MUFA, 
PUFA and MUFA/PUFA ratio) with the delay of harvesting from first to fifth in both 
years and irrespective of the cultivars (Fig.5.7, 5.9, 5.11, 5.13, 5.15, 5.17, 5.19, 5.21 
and 5.23). Higher levels of oleic acid and MUFA/PUFA ratio were recorded from 
early harvested fruit (mid- to late-April) (Table.5.1). The concentration of fatty acids 
may differ due to the effect of environmental factors in the cultivation year and stage 
of fruit growth or maturation. Salvador et al. (2003) and Anastasopoulos et al. (2011) 
also reported similar variations in fatty acids according to crop year and maturation 
of fruit. The free fatty acids at the later stage of ripening may also increase with the 
increase of lypolytic enzyme activity within the flesh (Anastasopoulos et al., 2011). 
The trend of lowering peroxide value might be ascribed to the decreased activity of 
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lipoxygenase enzymes which have been reported by Gutierrez et al. (1999), Salvador 
et al. (2003), Baccouri et al. (2008) and Anastasopoulos et al. (2011). The decrease in 
the level of oleic acid and increase in linoleic acid were observed due to the activity 
of the enzyme oleate desaturase which converts oleic acid into linoleic acid 
(Gutierrez et al., 1999). This inter-conversion of oleic and linoleic acid is accelerated 
by water stress which ultimately reduces the MUFA:PUFA ratio as reported by 
Gómez-Rico et al. (2007) and Dag et al. (2014). The present study also revealed 
similar results where the fruit harvest in 2014 faced a water stress due to low rainfall 
during its growing period. The two cultivars also showed significant differences for 
fatty acid profiles. The oils from cv. Manzanilla showed higher levels of free fatty 
acid, stearic acid, oleic acid, MUFA and MUFA:PUFA ratio (Fig.5.10, 5.14, 5.16, 
5.20 and 5.24). Higher levels of peroxide value, PUFA, palmitic acid and linoleic 
acid were observed in cv. Frantoio (Fig. 5.8, 5.12, 5.18 and 5.22). The variation 
between the two cultivars in respect of the fatty acid profiles is due to their genetic 
differences which were reported by early researchers as well (Stefanoudaki et al., 
1999; EEC, 2003; Gómez-González et al., 2011and Manai-Djebali et al., 2012). 
5.4.3. Polyphenol compounds 
Tyrosol, hydroxytyrosol and oleuropein are the dominant phenolic compounds and 
vanillic acid, caffeic acid, synergic acid, para-coumaric acid and ferulic acid were also 
found as minor phenolic compounds in the cvs. Frantoio and Manzanilla They have 
also been reported as major and minor phenolic compounds in other olive cultivars 
by Mulinacci et al. (2005), Damak et al. (2008), Manai-Djebali et al. (2012) and 
Dağdelen et al. (2013) The phenols in olive oil improve its resistance to oxidation 
and are responsible for its sharp bitter taste (Bendini et al., 2007). In the current 
study, a significant gradual decrease was noted in major (Fig.5.25, 5.27and 5. 29) 
and minor polyphenolic compounds (Table.5.2) from first to fifth harvest in both 
harvesting years irrespective of the cultivars. Higher total polyphenol was noted in 
the fruit harvested during mid-April to late-April (Table.5.1). The concentration of 
phenolic compounds varies according to the maturation phase of the fruit 
(Anastasopoulos et al., 2011).  Baccouri et al. (2008) reported that the total phenols 
increase progressively and decrease in the final ripening stage. Some fluctuations 
were also observed in most of the phenolic asids (syringic acid, vanillic acid, para-
coumaric acid, ferulic acid) in the current study. The level of phenolic compounds 
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also varies according to the crop year with respect to water availability. The 
concentration of phenolic compounds were comparatively high in the fruit harvested 
in 2014 (Fig. 25, 27, 29, table 1) when less rainfall was recorded (0.00 to 8.10 mm) 
than 2013 (2.00 to 56.5 mm) during the growing period of the olive fruit. Similar 
observation was reported by Anastasopoulos et al. (2011), Patumi et al. (2002) and 
Gómez-Rico et al. (2007). Differences in the level of water content of the fruit could 
imply a different solubilisation of phenols (Allogio and Caponio, 1997). The amount 
of water in the fruit also controls the activity of enzymes responsible for phenolic 
compound synthesis, such as L-phenylalanine ammonia-lyase, and differs according 
to water conditions (Morello et al., 2005). A linear correlation between polyphenols 
and water stress was also observed by Tovar et al. (2002), Gómez-Rico et al. (2006), 
Dag et al. (2008), Ben-Gal et al. (2011), Vita Serman et al. (2011) and Caruso et al. 
(2014). The two cultivars also showed significant differences where cv. Manzanilla 
showed higher concentration of hydroxytyrosol, tyrosol and oleuropein (Fig.5. 26, 
28, 30); vanillic acid, caffeic acid and ferulic acid (Table .5.2). The variation of phenolic 
compounds in different cultivars is also related to the genetic variations among them which 
were reported by Aguilera et al. (2005), Vinha et al. (2005), Manai-Djebali et al. 
(2012) and Dağdelen et al. (2013). 
5.4.4. Effect of harvest time on sensory attributes 
The sensory attributes namely fruitiness, bitterness and pungency, decreased 
gradually from the first to fifth harvest irrespective of the cultivars in both harvesting 
years. Higher levels of fruitiness and bitterness were recorded in the fruit harvested 
in 2014 and pungency was greater in the fruit harvested in 2013 (Fig. 5.33, 5.35 and 
5.37).  Virgin olive oil from the fruit of cv. Manzanilla had greater bitterness and 
pungency and lower fruitiness (Fig.5.34, 5.36 and 5.38) than that from cv. Frantoio. 
The lowest bitterness and pungency were recorded during mid-June and the most 
fruity oil was obtained from the fruit in early harvest of cv. Frantoio (mid-April) and 
late harvest of cv. Manzanilla (mid-June) (Table 5.1). The sensory properties of olive 
fruit are influenced by the ripeness status and variety of the fruit. Similar variations 
in sensory profile have been reported by Angerosa et al. (2004), Rotondi et al. 
(2004), Servili et al. (2004), Tripoli et al. (2004), Kalua et al. (2007) and Delgado 
and Guinard (2011). Chemical composition of the fruit also influences the sensory 
properties. Higher phenol content in the fruit of cv. Manzanilla may be ascribed for 
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its higher bitterness and pungency, a view supported by Bendini et al. (2007). The 
environmental conditions such as water stress may have influenced the bitterness of 
the fruit. More bitterness was observed in the fruit harvested in 2014 where there was 
a lower amount of rainfall during the growing period of fruit. Similarly, the findings 
of Cinquanta et al. (1997) indicate that the ripeness of the olives along with 
pedoclimatic conditions influence the quality attributes of virgin olive oil even 
though none of any defects were found. 
 
Table.5.3. Summary table reflecting the best values for some selected parameters 
with respective period of harvesting 
 Cultivar 
                    Frantoio              Manzanilla 
Parameter Best value Harvesting 
period 
Best value Harvesting 
period 
2013 2014 2013 2014 2013 2014 2013 2014 
Least FRF 
(N) 2.98 2.47 
Mid-
June 
Mid-
June 5.03 4.23 
Mid-
June 
Mid-
June 
Higher oil 
content (% 
dry weight ) 
39.05 
 
38.55 
 
late-
May 
late-
May 
38.58 
 
37.85 
 
late-
May 
late-
May 
Higher oleic 
acid (%) 
73.49 
 
72.38 
 
Mid-
April 
Late-
April 
78.75 
 
76.58 
 
Mid-
April 
Late-
April 
Higher 
MUFA/PUF
A ratio 
7.54 
 
7.36 
 
Mid-
April 
Late-
April 
9.65 
 
8.32 
 
Mid-
April 
Late-
April 
Higher total 
phenols (mg 
kg-1) 
334.3 
 
399.3 
 
Late-
April 
late-
May 
392.8 
 
462.6 
 
Mid-
April 
Late-
April 
Least 
bitterness (0-
10) 
2.27 
 
2.61 
 
Mid-
June 
Mid-
June 
2.67 
 
3.17 
 
Mid-
June 
Mid-
June 
Least 
pungent oil 
(0-10 
2.38 
 
3.18 
 
Mid-
June 
Mid-
June 3 
2.84 
 
Mid-
June 
Mid-
June 
Most fruity 
oil (0-10) 
2.36 
 
2.94 
 
Mid-
April 
Mid-
April 
3.34 
 
3.67 
 
Mid-
June 
Mid-
June 
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5.5. Conclusion 
The physical, biochemical and sensory properties of the olive fruit and oil showed 
variations according to the delay of harvesting, genetic differences between the 
cultivars and environmental factors such as water stress during the growing period of 
the fruit. The fruit of cv. Manzanilla showed higher levels of fruit removal force, 
moisture content (%) and mean oil content in dry weight (%). Lowest moisture and 
oil content were observed in the relatively drier harvest year, 2014. At the later stage 
of ripening the increase of free fatty acids was observed which may be ascribed to 
the increase of lipolytic enzyme activity and lowering trend of peroxide value may be 
due to the decreased activity of lipoxygenase enzymes. A significant gradual 
decrease was noted in major polyphenolic compounds. The concentration of phenolic 
compounds was comparatively high in the fruit harvested in 2014. The sensory 
attributes varied from the first to the fifth harvest time. They degraded with the delay 
of harvesting; and water stress may have influenced the bitterness of the fruit in 
2014. It could be concluded that the most suitable time for olive harvesting is late-
May to mid-June. 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 6: Effect of different concentrations of ethephon on olive fruit and oil 
 
91 
 
Chapter 6 
Effect of different concentrations of ethephon on physicochemical, 
biochemical and organoleptic properties of olive fruit and virgin oil 
of cv. Frantoio and Manzanilla in south-western Australia 
 
Abstract 
Ethephon, an ethylene producing compound, is used as an agent to promote fruit 
abscission for easy picking or mechanical harvesting of different fruit including 
olive. Its application can also result in a considerable loss of leaves. To achieve a 
balance between fruit and leaf abscission, the concentration of ethephon needs to be 
optimized so the current study was conducted with this goal through observing the 
effect of different concentrations of ethephon on physico-chemical, biochemical and 
organoleptic properties of Frantoio and Manzanilla olive cultivars grown in south-
western Australia. Application of ethephon significantly increased the level of fruit 
ethylene production, fruit ripening index, fruit and leaf abscission and peroxide value 
of olive oil with the increased concentration of applied ethephon in comparison to 
control treatment. Ethephon also significantly increased the level of most of the fatty 
acids, however, oleic acid, MUFA and MUFA/PUFA ratio decreased with the 
increase of ethephon concentration. Concentration of different polyphenols 
(hydroxytyrosol, tyrosol, oleuropein, and total polyphenol) and levels of sensory 
attributes (fruitiness, bitterness and pungency) decreased significantly with the 
increase of ethephon concentration. Effect of ethephon on the fruit moisture (%) and 
oil (% fresh and dry weight basis) content of the olive fruit was non-significant. The 
applied concentrations of ethephon, 1000 to 2000 mg L-1 in 2013 and 1000 to 1500 
mg L-1 in 2014 did not show significant differences for the studied parameters. It 
could be concluded that the most suitable concentration of ethephon to treat olive 
trees is 1000 – 1500 mg L-1. 
6.1. Introduction 
Olive (Olea europaea) is one of the oldest cultivated fruits. Harvesting of olive fruit 
consumes 50–80 % of the total cost of production (Metzidakis, 1999) so any strategy 
that decreases this cost is of commercial importance. Its harvest is undertaken by 
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hand labour over a period of two months. Increased labour costs and low availability 
of labour during harvesting time have intensified industry interest in mechanical 
harvesting. To ensure economic stability for olive growers, mechanical harvesting 
systems combined with application of an abscission agent has gained popularity 
(Burns et al., 2005). Use of an abscission agent enables lower mechanical forces to 
be applied during harvest hence minimization of fruit damage. Ethephon, an ethylene 
producing compound, is one of the agents that has been used to promote fruit 
abscission and to enable easy picking or mechanical fruit harvesting in apple 
(Edgerton, 1968), cherries (Bukovac et al., 1969), olive (Hartmann et al., 1970), 
citrus (Young and Jahn, 1972), macadamia (Kadman and Ben-Tal, 1983) and many 
other species (Kays and Beaudry, 1987).  
The ratio between fruit mass and pedicel strength of olive fruit is relatively 
small as compared with other fruits and thereby a huge force is required to shake off 
the fruits from olive trees (Ben-Tal and Wodner, 1994). Among the different types of 
chemicals tested to promote pedicel's loosening, positive results were only obtained 
by using the ethylene releasing compounds including ethephon (2-chloroethyl 
phosphonic acid). Ethephon is a synthetic plant growth regulator which acts by 
releasing ethylene when it penetrates plant tissues (Royer et al., 2006). It promotes 
pedicel loosening and increases the natural ratio between fruit mass and pedicel 
strength which leads to easy mechanical harvesting of olive fruit (Martin et al., 1981; 
Denney and Martin, 1994; and Metzidakis, 1999). However, ethephon application 
can result in a considerable loss of leaves coincident with fruit loosening (Burns et 
al., 2008). Alteration in ethephon application timing and duration (Lang and Martin, 
1985, 1989), to minimize unwanted defoliation, was promising in laboratory 
conditions but unpredictable in the field (Martin, 1994). 
Touss et al. (1995) reported that ethephon at 1250 and 1875 mg L-1 on 
conventional Arbequina olive trees increased the yield from mechanical harvesting 
by 20%. They also claimed that ethephon increased the amount of harvested fruit 
without significantly enhancing preharvest leaf drop and did not adversely affect 
flowering in the following year and it showed little effect on oil acidity, peroxide 
value, and oil fatty acid composition. However, there is no information on the 
response of cvs. Frantoio and Manzanilla olive to ethephon in south-western 
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Australian conditions. Information on the effects of ethephon on oil composition is 
also limited (Cimato, 1988). The current study was conducted to find out a suitable 
concentration of ethephon for cvs. Frantoio and Manzanilla olives grown in south-
western Australian conditions for two consecutive years. Observations were recorded 
on ethylene production, ripening index, fruit removal force, fruit and leaf abscission, 
oil content (%), concentration of fatty acids and phenolic compounds, and sensory 
attributes of olive oil. 
6.2. Materials and methods: 
6.2.1. Plant material, experimental location and climatic conditions 
Olive fruit of cvs. Frantoio and Manzanilla were used as experimental material. 
Disease free, mature and uniform sized fruit were collected from the control and 
ethephon treated olive trees grown in the olive field at Talbot Grove, York 
(31°52ʹ44″ S, 116°45ʹ57″ E), located at 120 km east of Perth, WA. Details on the 
plant material, their maintenance, experimental location and climatic conditions have 
been presented in Chapter 3, Section 3.1. 
6.2.2. Design of experiment and treatments 
The experiment was conducted by following two factors (treatments of ethephon × 
cultivar) factorial Randomized Complete Block Design (RCBD) with 4 replications 
of the experimental unit (a single olive tree). Different concentrations (0 to 3000 mg 
L-1 in 2013 and 0 to 2000 mg L-1 in 2014) of ethephon [2-chloroethylphosphonic acid 
(Rhone-Poulenc Rural Australia Pty Ltd, Baulkham Hills, NSW, Australia)] and 
0.05% ‘Tween 20’ as a surfactant was sprayed by using a sprayer (The Selecta 
Trolleypak Mk II, Acacia Ridge, Australia) was applied as the treatment.  
6.2.3. Collection of olives and extraction of olive oil 
Olive fruit (composite sample of 1.5 to 2 Kg) were harvested from four 
representative trees included in four replications. The fruit were picked by hand after 
one week of treating the fruit trees with different concentrations of ethephon.  Virgin 
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olive oil was obtained from the collected fruit by following the method explained by 
Rivas et al. (2013) with some modifications. The collection of fruit and extraction of 
oil has been described in detail in Chapter 3, Section 3.4. 
6.2.4. Observations recorded: 
6.2.4.1. Ethylene production 
The endogenous level of ethylene was determined by using the Sensor Sense (Sensor 
Sense B.V, Nijmegen, The Netherlands) following the method described by 
Pranamornkith et al. (2012) and detailed in Chapter 3, section3.5.2. The Sensor 
Sense includes an ETD 300 ethylene detector, a set of valve controllers with an 
option of six valves connected to six separate cuvettes [1.0 L air-tight jar, fitted with 
a rubber septum (SubaSeal®, Sigma-Aldrich Co., St. Louis, USA)]. The “continuous 
flow” method was used with coarse mode (conversion factor 99818, capacity to 
measure ethylene concentration at 0-500 ppm, sensitivity at <1%) of analysis and 
only 100 g of sample fruit was used to determine the amount of evolved ethylene 
from the sample. The measured ethylene was expressed in µlkg-1hour-1 and 
converted to µmolkg-1hour-1. 
6.2.4.2. Determination of ripening index (RI) 
Determination of ripening index of the olive fruit sample was conducted according to 
the method described by Uceda and Frias (1975). One hundred randomly selected 
healthy fruit were cut in half to expose the internal flesh for grading in eight groups 
and the ripening index value was calculated as described in Chapter 3, Section 3.5.6.  
6.2.4.3. Determination of fruit removal force (FRF) 
A texture profile analyser (TPA Plus, AMETEK Lloyd Instruments Ltd, Hampshire, 
UK) was used to determine the FRF. The analyser was equipped with horizontal 
square base table (15 cm × 15 cm) and interfaced to a personal computer with 
Nexygen® software. Twenty randomly selected fruit per replication were used for 
this test. The procedure of determining the FRF has been detailed in Chapter 3, 
Section 3.5.5. 
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6.2.4.4. Fruit and leaf abscission 
Abscission of leaf and fruit was determined from three selected branches from each 
replicate. The numbers of leaves and fruit before applying the treatments and after 
harvesting the fruit were used to calculate the percentage of abscission as described 
in Chapter 3, Section 3.5.9. 
6.2.4.5. Fruit moisture  
The olive fruit moisture content was determined by using healthy and randomly selected olive fruit (60g). The fruit were crashed by hammer mill in a pre-calibrated 
dish and the paste was dried in a forced air oven at 105°C for approximately 8–10 
hours until the weight was constant. The detailed procedure has been described in 
Chapter 3, Section 3.5.7.  
6.2.4.6. Olive oil content 
Olive oil content was determined from fresh fruit by following the method described 
by Avidan et al. (1999) and detailed in Chapter 3, Section 3.5.8. Only 10g of olive 
fruit paste was dried in an oven at 80°C for 24 h and the dry weight of each replicate 
was recorded. Then petroleum ether was used and homogenised at medium speed for 
30 sec with a vortex (Heidolph, Reax Top, VIC, Australia). After that a rotator 
shaker (Ratek Orbital Mixer, VIC, Australia) was used overnight. The following day 
the extract oil and petroleum ether was evaporated at 40°C. The oil residue was 
weighted as percentage of oil on fresh and dry weight basis. 
6.2.4.7. Determination of free fatty acid 
Ten grams of the olive oil sample was dissolved in 50 ml of the solvent mixture (1:1 
of 95% (V/V) ethanol (C2H6O) and diethyl ether (C2H5)2O). The mixture was 
titrated while shaking with a solution of potassium hydroxide (KOH4 ) to the end 
point of the indicator pink colour of phenolphthalein (C20H14O4 ) persisting for at 
least 10 sec. The details of calculating the amount of free fatty acids have been 
presented in Chapter 3, Section 3.5.11. 
6.2.4.8. Peroxide value  
To determine the peroxide value of olive oil (meq O2 kg-1) 1-2 g of the sample oil 
was dissolved with 10 ml of chloroform (CHCl3), 15 ml of acetic acid (C2H4O2) and 
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1 ml of potassium iodide (KI) solution. Then 75 ml of distilled water was added and 
titrated with the sodium thiosulphate solution; starch solution was used as an 
indicator (10 g/l aqueous dispersion) from a purplish to yellowish or colourless 
endpoint. The procedure for determining peroxide value has been detailed in Chapter 
3, Section 3.5.12. 
6.2.4.9. Determination of fatty acids composition 
Fatty acid composition of virgin olive oils was determined by gas chromatograph 
following the method prescribed by the International Olive Council (2001). Methanol 
with heptane and methanolic potassium hydroxide (2M) were mixed with the oil 
sample and the mixture was homogenized vigorously for 30 seconds. The upper layer 
containing methyl esters was decanted and injected into the gas chromatograph with 
heptane solution. The gas chromatograph was fitted with a fused silica column (50 m 
length × 0.25 mm i.d.) coated with SGL-1000 phase (0.25µm thickness Suger labour, 
Spain) and containing a FID detector (HP 6890, Agilent Technologies). Detailed 
procedure of determining fatty acid composition has been described in Chapter 3, 
Section 3.5.13. 
6.2.4.10. Total of polyphenol   
The total phenols were quantified by following the method of Ranalli et al., (1999).  
Olive oil (10g) was isolated and dissolved in hexane by triple extraction of a solution 
with a water/methanol mixture (60:40, v/v). Folin-ciocalteus phenol reagent, the 
absorbance was recorded was using a uv /vis spectrophotometer (Model SECOMAM 
ANTHELIE Advanced, France). The absorption of extracts was read at 725 nm, and 
then calculated according to Mateos et al. (2001) as described in Chapter 3, Section 
3.5.14. 
6.2.4.11. Determination of polyphenol compounds 
Composition of polyphenolic compounds was determined by adding 5 ml of 
methanol/water (80/20, v/v) with 5 g of virgin olive oil and analysing the mixture by 
HPLC-DAD. The phenolic compounds were quantified at 235-280 nm using syringic 
acid as internal standard. Phenolic standards (3,4 DHPEA-EA, Tyrosol and 
hydroxytyrosol) of 0.015 mg/ml strength were prepared and used to determine the 
level of polyphenols as described in Chapter 3, Section 3.5.15. 
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6.2.4.12. Sensory attributes 
A tasting panel comprised of seven well trained tasters was recruited to distinguish 
30 olive oil samples according to the standard procedure (EC Reg. 796/2002) which 
has been described in Chapter 3, Section 3.5.10. The tests were scheduled in two 
different days with ½ hour breaks between two tests. The test panel was supplied 
with scaled sheets for the sensory attributes such as fruitiness, bitterness and 
pungency. Each attribute was scaled from 1 to 10 where 1 represented the value for 
the poorest and 10 the best possible quality for the sample. 
6.3. Results: 
6.3.1. Ethylene production 
Ethephon treatments significantly influenced the production of ethylene from the cv. 
Frantoio fruit in 2013. A greater level of ethylene was recorded from the fruit treated 
with higher concentration of ethephon for both cultivars cvs. Frantoio and 
Manzanilla the average concentrations of ethylene were 1.3, 1.0, 0.8 and 0.7 nmol 
kg-1 h-1, from 3000, 2000, 1000 and 500 mg L-1 ethephon treated fruit respectively. 
The concentration of ethylene between the 500 mg L-1 ethephon treated fruit and 
control fruit (0.5nmol kg-1 h-1) was non-significant. The concentration of ethylene 
showed a continuous steady increase in all ethephon treated fruit in comparison to 
the control fruit (Fig. 6.1). Significant effect of ethephon treatments were also 
observed in cv. Manzanilla olive in 2013. A constant level of ethylene production 
was observed in the 500 mg L-1 ethephon treated fruit; however the control, 1000 and 
3000 mg L-1 ethephon treated fruit showed an increase and 2000 mg L-1 ethephon 
treated fruit showed a decrease in the level of ethylene in cv. Manzanilla after 9 to 12 
days of treatment in 2013 (Fig. 6.1 B). 
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Fig.6.1. Effects of different concentrations of spray application of ethephon (mg L-1) 
and days after spray treatment on ethylene production in fruit of cvs. Frantoio (A) 
and Manzanilla (B) olives in 2013. Vertical bar represent SE. 
6.3.2. Ripening index 
The spray application of different concentrations of ethephon showed significant (P 
≤ 0.05) effect on the ripening index of cvs. Frantoio and Manzanilla olive fruit in 
2013 and 2014. The ripening index increased significantly when the olive trees were 
treated with higher concentrations (1000 – 3000 mg L-1) of ethephon than the lower 
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concentration (500 mg L-1) of ethephon and control (Fig. 6.2 A, B and 6.3 A, B). 
Highest ripening index was observed after 12 days of spray treatment in the fruit 
treated with 3000 mg L-1 (4.92) ethephon followed by 2000 mg L-1 (4.40), 1000 mg 
L-1 (4.04) and 500 mg L-1 (3.89) treatments. The interaction between treatments and 
the number of days after treatments for ripening index was also significant (Fig.6.2 
A). A similar trend of ripening index of cv. Frantoio was observed and cv. 
Manzanilla was during 2013. However, the fruit treated with lower concentration of 
ethephon (500-1000 mg L-1) did not differ significantly for ripening index from 6 to 
12 days after spray treatment in 2013 (Fig. 6. 2 B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.2. Effects of different concentrations of spray application of ethephon (mg L-1) 
and days after spray treatment on ripening index in fruit of cvs. Frantoio (A) and 
Manzanilla (B) olives in 2013. Vertical bar represent SE. 
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Fig.6.3. Effects of different concentrations of spray application of ethephon (mg L-1) 
on ripening index of Frantoio (A) and Manzanilla (B) cvs. of olives in 2014. Vertical 
bar represent SE. 
6.3.3. Fruit removal force (FRF) 
The ethephon treatment significantly (P ≤ 0.05) reduced the fruit removal force in 
comparison to the control in cvs. Frantoio and Manzanilla of olive in 2013 and 2014. 
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reduced with the increase of the applied ethephon concentration (Fig 6.4 A, B and 
6.5 A, B). However, in 2014 from 9 days of spray treatment, fruit from the 500 and 
1000 mg L-1 ethephon treated plants did not show significant differences for the fruit 
removal force (Fig. 6.5). The cv. Manzanilla olive fruit treated with higher 
concentration of ethephon (1000 – 3000 mg L-1) showed a sharp decline in fruit 
removal force as compared to the control and 500 mg L-1 ethephon treated fruit (Fig. 
6.4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.4. Effects of different concentrations of spray application of ethephon (mg L-1) 
and days after spray treatment on fruit removal force of cvs. Frantoio (A) and 
Manzanilla (B) olives in 2013. Vertical bar represent SE. 
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Fig.6.5. Effects of different concentrations of spray application of ethephon (mg L-1) 
on fruit removal force of cvs. Frantoio (A) and Manzanilla (B) olives in 2014. 
Vertical bar represent SE. 
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significant difference for fruit abscission rate in cv. Frantoio (Fig. 6.6A and 6.7 A) 
and in cv. Manzanilla fruit abscission rate was non-significantly different between 
2000 and 3000 mg L-1 treated trees (Fig. 6.6 B and 6.7 B). 
      The percentage of leaf abscission was significantly higher in the olive trees 
treated with higher concentrations (1000-3000 mg L-1) ethephon in cvs. Frantoio and 
Manzanilla olive in both years (2013 and 2014). However, leaf abscission rate was 
not significantly different between control (5.68% and 4.40%) and 500 mg L-1 of 
ethephon treatment (9.91% and 5.61%) in cv. Frantoio during 2013 and 2014 
respectively (Fig.6.8 A and Fig6.9 A). A similar trend of leaf abscission was also 
observed by cv. Manzanilla in 2013 and 2014 (Fig. 6.8 B and 6.9 B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.6. Effects of different concentrations of spray application of ethephon (mg L-1) 
on fruit abscission of cvs. Frantoio (A) and Manzanilla (B) cvs. olives in 2013. 
Vertical bar represent SE. 
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Fig.6.7. Effects of different concentrations of spray application of ethephon (mg L-1) 
on fruit abscission of cvs. Frantoio (A) and Manzanilla (B) cvs. olives in 2014. 
Vertical bar represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.8. Effects of different concentrations of spray application of ethephon (mg L-1) 
on leaves abscission of cvs. Frantoio (A) and Manzanilla (B) olive in 2013. Vertical 
bar represent SE. 
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Fig.6.9. Effects of different concentrations of spray application of ethephon (mg L-1) 
on leaves abscission of cvs. Frantoio (A) and Manzanilla (B) cvs. olive leaves in 
2014. Vertical bar represent SE. 
6.3.5. Moisture and oil content (dry and fresh weight basis %) 
The ethephon concentration did not affect the moisture (%) and oil content of the 
olive fruit (Fig 6.10) 
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Fig.6.10. Effects of different concentrations of ethephon (mg L-1) on moisture (A- 
Frantoio, B- Manzanilla cvs.) and oil content on the basis of dry weight (C- Frantoio, 
D- Manzanilla cvs.) and fresh weight (E- Frantoio , F- Manzanilla cvs.) in 2014. 
Vertical bar represent SE. 
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6.3.6. Free fatty acids 
Frantoio olive fruit collected from the trees treated with higher concentrations of 
ethephon (2000-3000 mg L-1) showed significantly higher level of free fatty acids 
(0.38% and 0.45% respectively) than the fruit collected from the control and other 
concentrations of ethephon treated trees. The percentage of free fatty acids in control, 
500 and 1000 mg L-1 treatments (0.22%) did not differ significantly in 2013 (Fig. 
6.11 A). Similarly, Manzanilla olive fruit showed significantly higher level of free 
fatty acids when treated with higher concentrations (2000-3000 mg L-1) of ethephon 
while other concentrations of ethephon treatments and control fruit did not show 
significant difference for free fatty acids in 2013 (Fig.6.11 B). In 2014, the higher 
concentration of ethephon treatment also significantly increased the concentration of 
free fatty acid in cvs. Frantoio and Manzanilla  
      However, there was no significant difference among the 1000 to 2000 mg L-
1 ethephon treatments in Frantoio and among the 500 to 2000 mg L-1 ethephon 
treatments in Manzanilla (Fig. 6.12 A and B). 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.11. Effects of different concentrations of spray application of ethephon (mg L-
1) on free fatty acids of cvs. Frantoio (A) and Manzanilla (B) in virgin olive oil in 
2013. Vertical bar represent SE. 
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Fig.6.12. Effects of different concentration of spray application of ethephon (mg L-1) 
on free fatty acids of cvs. Frantoio (A) and Manzanilla (B) in virgin olive oil in 2014. 
Vertical bar represent SE. 
6.3.7. Peroxide value 
 The peroxide value (meq O2 kg-1) of the cvs. Frantoio and Manzanilla olive oil in 
2013 and 2014 showed significant differences for different concentrations of 
ethephon treatment applied. It increased with the increase of applied ethephon 
concentration. The highest peroxide value was observed in 2013 for cvs. Frantoio 
and Manzanilla treated with 3000 mg L-1 ethephon (11.41 and 11.79 meq O2 kg-1) 
respectively and the lowest was in control fruit (6.25and 8.65 meq O2 kg-1) 
respectively in 2013 (Fig. 6.13 ). A similar trend was observed in 2014 where the 
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L-1 ethephon treated fruit (10.13 and 11.70 meq O2 kg-1) and the lowest in control 
fruit (5.61 and 7.50 meq O2 kg-1) respectively (Fig. 6.14). However, there was no 
significant difference between the 1500 and 2000 mg L-1 ethephon treated fruit for 
peroxide value in both the cultivars in 2014 (6.14). 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
Fig.6.13. Effects of different concentration of spray application of ethephon (mg L-1)  
on peroxide value (meq O2 kg-1) of cvs. Frantoio (A) and Manzanilla (B) in virgin 
olive oil in 2013. Vertical bar represent SE. 
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Fig.6.14. Effects of different concentration of spray application of ethephon (mg L-1) 
on peroxide value (meq O2 kg-1) of cvs. Frantoio (A) and Manzanilla (B) in virgin 
olive oil in 2014. Vertical bar represent SE. 
6.3.8. The fatty acids: 
 6.3.8.1. Palmitic acid (C 16:0) 
Ethephon treatment significantly (P ≤ 0.05) influenced the concentration of palmitic 
acid (%) in comparison to the control in cvs. Frantoio and Manzanilla olive oil in 
2013 and 2014. The higher concentration of palmitic acid (12.50% to 12.61% in 
2013 and 12.64% to 13.52% in 2014) was observed in the oil extracted from the 
Frantoio fruit treated with higher concentration (2000 and 3000 mg L-1) of ethephon. 
The Manzanilla olive also showed a similar effect for palmitic acid in response to the 
ethephon treatments (Fig. 6.15, Fig 6.16). 
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Fig.6.15. Effects of different concentration of spray application of ethephon (mg L-1) 
on palmitic acid (C 16:0) (%) of cvs. Frantoio (A) and Manzanilla (B) in virgin olive 
oil in 2013. Vertical bar represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. 16. Effects of different concentrations of spray application of ethephon (mg L-
1) on palmitic acid (C 16:0) (%) in virgin olive oil of Frantoio (A) and Manzanilla 
(B) cvs. in 2014. Vertical bar represent SE. 
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6.3.8.2. Stearic acid (C 18:0) 
The concentrations of stearic acid in virgin olive oil was also significantly (P ≤ 0.05) 
influenced by ethephon treatments in comparison to the control cvs. Frantoio and 
Manzanilla olive oil in 2013 and 2014. It increased with the increase of ethephon 
concentrations applied. The highest concentration of stearic acid (4.42%, 4.28% and 
4.02%, 3.91 in cvs. Frantoio and Manzanilla in 2013 and 2014 respectively) was 
observed in the 3000 mg L-1 ethephon treated fruit (Fig. 6.17). However, the higher 
concentration of ethephon treatments (1500-2000 mg L-1) did not show significant 
differences for stearic acid concentration in 2014 in both cultivars (Fig. 6.18). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.17. Effects of different concentrations of spray application of ethephon (mg L-
1)  on stearic acid (C 18:0) (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive 
oil in 2013. Vertical bar represent SE. 
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Fig.6.18. Effects of different concentrations of spray application of ethephon (mg L-
1) on stearic acid (C 18:0) (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive 
oil in 2014. Vertical bar represent SE. 
6.3.8.3. Oleic acid (C 18:1) 
The application of ethephon reduced the concentration of oleic acid in in virgin olive 
oil for both olive cultivars in 2013 and 2014. Higher concentration of oleic acid was 
noted from the control fruit in 2013 (73% and 78.75% in cvs. Frantoio and 
Manzanilla respectively) which was significantly different from the ethephon treated 
fruit. It reduced slightly with the increase of ethephon concentration without 
significant differences in 2013 (Fig.6.19). In 2014, ethephon treatments did not show 
any significant effect on Manzanilla, however, they significantly reduced oleic acid 
in cv. Frantoio (Fig. 6.20 A and B). 
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Fig.6.19. Effects of different concentrations of spray application of ethephon (mg L-
1) on oleic acid (C 18:1) (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil 
in 2013. Vertical bar represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.20. Effects of different concentrations of spray application of ethephon (mg L-
1) on oleic acid (C 18:1) (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil 
in 2014. Vertical bar represent SE. 
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6.3.8.4. Linoleic acid (C 18:2) 
Level of A reverse trend of oleic acid levels was observed for linoleic acid in virgin 
olive oil for both cvs. Frantoio and Manzanilla in 2013 and 2014. The ethephon 
treated fruit significantly differed from the control fruit for linoleic acid in extracted 
oil, where the higher concentration of linoleic acid was noted from higher 
concentration ethephon (3000 mg L-1) treated olive fruit (10.91% and 9.65% in cvs. 
Frantoio and Manzanilla  respectively) in 2013. A similar effect of higher 
concentration of ethephon (2000 mg L-1) was also observed in 2014 (11.03% and 
11.16% in cvs. Frantoio and Manzanilla respectively) (Fig. 6.21, Fig. 6.22) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.21. Effects of different concentrations of spray application of ethephon (mg L-
1) on linoleic acid (C 18:2) (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive 
oil in 2013. Vertical bar represent SE. 
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Fig.6.22. Effects of different concentrations of spray application of ethephon (mg L-
1) on linoleic acid (C 18:2) (%) in virgin olive oil of Frantoio (A) and Manzanilla (B) 
cvs. in 2014. Vertical bar represent SE. 
6.3.8.5. Monounsaturated fatty acids (MUFA)   
All the ethephon spray treatments reduced the level of MUFA (%) in virgin olive oil 
of Frantoio and Manzanilla cultivars in both years (Fig. 6.23 and 6.24) than the 
control. The effects of different ethephon treatments on the level of MUFA (%) in 
virgin olive oil were not significant in cv. Frantoio in 2013 and in cultivar 
Manzanllia in 2014. Whilst, ethephon treatments exhibited significant reductions in 
the levels of MUFA (%) in virgin olive oil of cv. Manzanllia during 2014 (Fig. 
6.23B) and in cv. Frantoio during 2014 (Fig. 6.23B). 
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Fig.6.23. Effects of different concentrations of spray application of ethephon (mg L-
1) on MUFA (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 2013. 
Vertical bar represent SE. 
 
 
 
 
 
 
 
 
 
 
Fig. 6.24. Effects of different concentrations of spray application of ethephon (mg L-
1) on MUFA (%) in Frantoio (A) and Manzanilla (B) cvs.  virgin olive oil in 2014. 
Vertical bar represent SE. 
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6.3.8.6. Polyunsaturated fatty acids (PUFA) (%) 
The level of PUFA (%) increased with the increase of ethephon concentration 
applied and it was highest (11.46% and 10.93% in cvs. Frantoio and Manzanilla 
respectively) in the 3000 mg L-1 treated fruit in 2013 (Fig.6.24 A and B). A similar 
trend was also obtained in 2014 (11.57% and 11.53% in cvs. Frantoio and 
Manzanilla respectively). Lower percentage of PUFA was noted from the control 
Frantoio (9.27%, 9.39%) and cv. Manzanilla (8.39%, 9.42) olive in 2013 and 2014 
respectively and were significantly lower compared to the ethephon treated fruit in 
both cultivars ( Fig. 6.25 A, B and 6.26 A, B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.25. Effects of different concentrations of spray application of ethephon (mg L-
1) on PUFA (%) in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 2013. 
Vertical bar represent SE. 
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Fig.6.26. Effects of different concentrations of spray application of ethephon (mg L-
1) spray on PUFA (%) in virgin olive oil of cv. Frantoio (A) and Manzanilla (B) in 
2014. Vertical bar represent SE. 
6.3.8.7. MUFA/PUFA ratio 
The MUFA/PUFA ratios in both cultivars were significantly reduced by ethephon 
treatments in both years. However, higher ratio was observed in 500 mg L-1 ethephon 
treated and control cv. Frantoio olive fruit (10.07 and 9.65 respectively) than other 
treated fruit in 2013 (Fig.6.27A). The ratio declined with the increase of the ethephon 
concentration where the lowest value was observed in the cv. Frantoio olive fruit 
treated with 3000 mg L-1 ethephon in 2013 (8.20) and 2014 (6.16). On the other 
hand, control and 1000 mg L-1 ethephon treated cv. Manzanilla olive fruit showed 
significantly higher MUFA/PUFA ratio (9.64 and 9.12 respectively) in 2013 (Fig. 
6.28 B). Similar observation was recorded in 2014 with control and 1000 mg L-1 
ethephon treated Manzanilla olive fruit for MUFA/PUFA ratio (8.49 and 7.69 
respectively) (Fig. 6.28B). 
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Fig.6.27. Effects of different concentrations of spray application of ethephon (mg L-
1) on MUFA: PUFA ratio in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 
2013. Vertical bar represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.28. Effects of different concentrations of spray application of ethephon (mg L-
1) on MUFA: PUFA ratio in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 
2014. Vertical bar represent SE. 
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6.3.9. Polyphenolic compounds 
6.3.9.1. Tyrosol 
The level of tyrosol (mg Kg-1) in virgin olive oil reduced significantly with the 
ethephon application and was more pronounced as the concentrations of applied 
ethephon increased in both cultivars during both the years (Fig. 6.29 and 6.30). 
Higher concentration of tyrosol was observed in the control fruit (8.28 and 12 mg 
Kg-1 in cvs. Frantoio and Manzanilla respectively during 2013) and the lowest was in 
the fruit treated with higher concentration (3000 mg L-1) of ethephon (3.02 and 7.50 
mg kg-1 in cvs. Frantoio and Manzanilla respectively in 2013) (Fig. 6.29 A and B). 
Similar trend was also observed in 2014 in both varieties (Fig.6.30). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.29. Effects of different concentrations of spray application of ethephon (mg L-
1) on levels of tyrosol in the virgin olive oil of cv. Frantoio (A) and Manzanilla (B) 
during 2013. Vertical bar represent SE.  
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Fig.6.30. Effects of different concentrations of spray application of ethephon (mg L-
1) on levels of tyrosol in the virgin olive oil of cv. Frantoio (A) and Manzanilla (B) 
during 2014. Vertical bars represent SE. 
6.3.9.2. Hydroxytyrosol 
The level of hydroxytyrosol (mg Kg-1) in the virgin olive oil also reduced 
significantly with ethephon treatments and the decreased was more pronounced as 
the concentrations of ethepon increased in both cvs. Frantoio and Manzanilla during 
2013 and 2014 (Fig. 6.31 and 6.32). The unsprayed fruit contained higher 
concentration of hydroxytyrosol (5.43 mg Kg-1) and the lowest (1.53 mg Kg-1) was 
observed in the cv. Frantoio olive fruit treated with higher concentration (3000 mg L-
1) of ethephon during 2013. Similarly, higher concentration of hydroxytyrosol was 
noted from control cv. Manzanilla fruit (7.05 mg Kg-1) and lowest from the fruit 
treated with 2000 mg L-1 ethephon during 2013 (Fig. 6.31 B). In 2014, a similar trend 
was also observed with ethephon treatments in both the cultivars (Fig 6.32A and B).  
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Fig.6.31. Effects of different concentrations of spray application of ethephon (mg L-
1) on hydroxytyrosol in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 2013. 
Vertical bars represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.32. Effects of different concentrations of spray application of ethephon (mg L-
1) on hydroxytyrosol in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 2014. 
Vertical bars represent SE. 
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6.3.9.3. Oleuropein aglycon (3, 4 DHPEA-EA) 
The spray treatments of ethephon significantly reduced concentrations of 3, 4 
DHPEA-EA (mg Kg-1) in the virgin olive oil as compared to the control in both cvs. 
Frantoio and Manzanilla in 2013 and 2014 (Fig. 6.33 and 6.34). The spray 
application of ethephon (3000 mgL-1) significantly reduced the level of 3,4 DHPEA-
EA in the virgin olive oil as compared to the control and all other treatments in both 
the cultivars during 2013 (Fig 6.33 A and B). Similarly, in 2014 the application of 
ethephon has also insignificantly reduced the levels of oleuropein in the oil compared 
to the untreated fruit of cv.Frantoio and Manzanilla in 2014 (Fig. 6.34 A and B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.33. Effects of different concentrations of spray application of ethephon (mg L-
1)  on oleuropein in Frantoio (A) and Manzanilla (B) cvs.  olive oil in 2013. Vertical 
bars represent SE. 
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Fig.6.34. Effects of different concentrations of spray application of ethephon (mg L-
1) on oleuropein in Frantoio (A) and Manzanilla (B) cvs. olive oil in 2014.Vertical 
bars represent SE. 
6.3.9.4. Total polyphenols 
The level of total phenols in the oil also showed a similar trend observed in different 
polyphenolic compounds such as tyrosol, hydroxytyrosol and 3,4 DHPEA-EA in cvs. 
Frantoio and Manzanilla olive during 2013 and 2014. Total phenols in the oil 
decreased significantly with the ethephon application and the lowest levels of total 
phenol was observed in the 3000 mg L-1 ethephon treated olive fruit (216.06 and 
286.89 mg Kg-1 in cvs. Frantoio and Manzanilla respectively during 2013) (Fig. 6.35 
A and B). Similar observations were recorded during 2014. However, the ethephon 
treatments show similar trends in both cultivars in 2014 (Fig.6.35 and 6.36).  
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Fig.6.35. Effects of different concentrations of spray application of ethephon (mg L-
1) on total polyphenols in Frantoio (A) and Manzanilla (B) cvs. olive oil in 2013. 
Vertical bars represent SE. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.36. Effects of different concentrations of spray application of ethephon (mg L-
1) on total polyphenols in Frantoio (A) and Manzanilla (B) cvs. olive oil in 2014. 
Vertical bars represent SE. 
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6.3.10. Sensory attributes 
The sensory attributes (fruitiness, bitterness and pungency) of the virgin oil 
significantly decreased with the increased concentration of applied ethephon in both 
cultivars cvs. Frantoio and Manzanilla during 2014 (Fig. 6.37, 6.38 and 6.39). Higher 
fruitiness, bitterness and pungency were recorded in control cv. Frantoio (3.14, 3.21 
and 3.78) and cv. Manzanilla (3.67, 3.56 and 3.40). Lower values of these attributes 
were observed when higher concentrations of ethephon were applied. However, the 
ethephon treatments from 500 to 1500 mg L-1 did not show apparent significant 
differences for fruitiness and bitterness in both cultivars (Fig. 6.37, Fig. 6.38) and for 
pungency in cv. Manzanilla only (Fig. 6.39). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.37. Effects of different concentrations of spray application of ethephon (mg L-
1)  on fruitiness in Frantoio (A) and Manzanilla (B) cvs. olive oil in 2014. Vertical 
bars represent SE. 
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Fig.6.38. Effects of different concentrations of spray application of ethephon (mg L-
1) on bitterness in Frantoio (A) and Manzanilla (B) cvs. olive oil in 2014. Vertical 
bars represent SE. 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.39. Effects of different concentrations of spray application of ethephon (mg L-
1) on pungency in Frantoio (A) and Manzanilla (B) cvs. virgin olive oil in 2014. 
Vertical bars represent SE. 
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6.4. Discussion 
Mechanical harvesting of olive removes only 60% of the fruit and the remaining fruit 
can lead to alternate bearing (Martin et al., 1981). Different ethylene-releasing 
compounds, including ethephon have been tested as fruit thinning chemicals but 
injudicious use of ethephon can cause excessive leaf loss which allows the entry of 
olive knot bacteria (Pseudomonas syringae pv. savastanoi) and reduces the crop 
yield in the following year (Martin, 1986). Ethephon is the most widely used 
compound to induce fruit abscission (Wilkinson, 1972; Ben-Tal and Lavee, 1976a ; 
Daniel and Martin et al., 1981) and thereby, it is better in further attention to 
ascertain the effective concentration of it to be applied on olive trees for better 
maintenance of the physicochemical properties of the fruit and extracted oil from 
them. It is also necessary to maintain a balance between the fruit and leaf abscission 
to avoid possible hindrances for fruiting. Considering these views the current study 
was conducted to find out the suitable concentration of ethephon which will facilitate 
mechanical harvesting for cvs. Frantoio and Manzanilla in south-western Australian 
conditions in two consecutive years. Observations were recorded on the effects of 
different concentrations of ethephon on ethylene production, ripening index, fruit 
removal force, fruit and leaf abscission, oil content (%), concentration of fatty acids 
and phenolic compounds and sensory attributes of olive oil. 
6.4.1. Ethylene production 
As expected, the ethephon treatments significantly increased the production of 
ethylene in the fruit of cv. Frantoio and Manzanilla. Higher concentration of ethylene 
was recorded from the fruit treated with higher concentration of ethephon (Fig.6.1 A 
and B). Ethephon is an ethylene-releasing chemical (Martin et al., 1981) which might 
have induced ethylene production in the fruit of treated plants (Banno et al., 1993). 
Ben-Tal (1992) also reported that, a small portion of applied ethephon penetrates the 
pedicels and releases ethylene responsible for increased ethylene in the treated fruit. 
6.4.2. Ripening index 
The ripening index increased significantly with the higher concentrations (1000 – 
3000 mg L-1) of ethephon applied than the lower concentration (500 mg L-1) and 
control in both cvs. Frantoio and Manzanilla in 2013 and 2014 (Fig.6.2 A, B and 
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Fig.6.3 A, B). Higher concentration of ethephon spray increased the ethylene 
production in the treated olive fruit and the increased ethylene may have influenced 
the ripening index of the olive fruit. Ethylene is a fruit ripening hormone (Chaves 
and De Mello-Farias 2006; Nath et al. 2006 and Tharanathan et al., 2006) which 
worked similarly to induce the ripening in olive. 
6.4.3. Fruit removal force (FRF) 
The fruit removal force reduced significantly with the increase in concentration of 
the applied ethephon in both cvs. Frantoio and Manzanilla in 2013 and 2014 (Fig.6.4 
A, B and Fig.6.5 A, B). Ethephon penetrates the pedicels and releases ethylene to 
reduce the FRF (Ben-Tal, 1992).  Higher concentrations of ethephon were assumed 
to be required to penetrate the thick waxy layer on the olive leaves or fruit as well as 
the overlapping peltate trichomes on the leaves (Weis et al., 1988). Ethylene is 
known to induce abscission of plant organs (Abeles et al., 1971). 
6.4.4. Fruit and leaf abscission 
Fruit and leaf abscission (%) increased significantly (P ≤ 0.05) according to the 
increased concentration of applied ethephon in both cvs. Frantoio and Manzanilla in 
2013 and 2014 (Fig. 6.8 and Fig.6.9). The effect of abscission agents has been 
reported to reduce fruit-detachment force (FDF) and increase harvest efficiency 
(Barranco et al., 2004; Ferguson et al., 2010). Abscission of leaf and fruit is directly 
related to the level of endogenous ethylene in leaf and fruit. Ethylene evolution 
seemed to parallel the level of applied ethephon, an observation also reported by 
Banno et al. (1993). They also found extensive leaf and fruit abscission due to the 
effect of applied ethephon. Ethephon induces fruit abscission through accumulation 
in the pedicel-fruit basin and leaf surface which ultimately penetrates into the plant 
system to enhance the ethylene production (Reed and Hartmann, 1976; Polito and 
Lavee, 1980 and Weis et al., 1988, 199l). Ethephon treatments have also been 
reported to have a positive effect on mechanical harvesting efficiency of the fruit 
(Yousefi et al., 2010; Ninot et al., 2012 and Zahra, 2014) and Touss et al. (1995) also 
claimed that the best suitable concentration of ethephon is 1250 to 1875 mg L-1 
which is in agreement with the observation from the present study. 
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6.4.5. Free fatty acids 
The trees when treated with higher ethephon concentration produced greater amounts 
of free fatty acids in the olive oil comparing to the control samples in both years and 
in both cultivars. The ethephon enhanced the ethylene production from the treated 
fruit which possibly may have caused the increased free fatty acids in olive oil. 
Similarly, Yousfi et al. (2009) reported that ethephon application increased the 
concentrations of fatty acids in the olive oil.  
6.4.6. Peroxide value 
The peroxide value of extracted oils from the treated olive trees increased with the 
increase of applied ethephon concentration in both years and in both cultivars. This 
may indicate a direct or indirect effect by the presence of ethylene. The findings of 
Yousfi et al. (2009) support the findings of the current study. However, decrease in 
peroxide value has been reported by Tovar et al. (2001), Salvador et al. (2001) and 
Baccouri et al. (2008) where they claimed that the activity of lipoxygenase enzyme 
decreases as the fruit ripening process advances. This finding is in agreement with 
the finding of Sheng et al. (2003) and Griffiths et al. (1999). 
6.4.7. Fatty acids compositions 
Fruit of both cultivars collected from the trees treated with higher concentrations of 
ethephon (2000-3000 mg L-1) showed significantly higher level of fatty acids (%) in 
olive oil than the control and other concentrations of ethephon treated trees in both 
years. Ethephon treatment enhances the fruit maturation and ultimately affects the oil 
quality (Ismail et al., 1999) which has been expressed through increased (palmitic 
acid, stearic acid, linoleic acid and PUFA in both cultivars in both years; MUFA in 
cv. Manzanilla in 2013) or decreased (oleic acid in both cultivars in 2013 and in cv. 
Frantoio in 2013; MUFA/PUFA ratio in both cultivars in both years) levels of fatty 
acids from the increased concentration of ethephon treatment in the current study. 
However, some stable or non-significant changes in some of the fatty acids (oleic 
acid in cv. Manzanilla in 2014; MUFA in Frantoio in 2013 and in Manzanilla cvs. in 
2014) were also observed with the ethephon treatments. This might be due to similar 
climatic conditions for the treated olive trees and this observation is in agreement 
with Faila et al. (2002) and Ranali et al. (1999) findings. 
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6.4.8. Polyphenolic compounds 
The concentration of polyphenols (tyrosol, hydroxytyrosol and 3, 4 DHPEA-EA) 
decreased in both cultivars and both years with the increased concentrations of  of 
ethephon applied (Fig. 28 to 35). Phenolic composition of olive oil is affected by 
genotype, agronomic, environmental and technological factors (Montedoro and 
Garofolo, 1984; Lavee and Wodner, 1991). Decrease of the major phenolic 
compounds with the progress of olive fruit maturity is well reported by other 
investigators (Skevin et al., 2003; Rotondi et al., 2004; Yousfi et al. 2006; Baccouri 
et al., 2007; and Riachy et al., 2012). According to Amiot et al. (1989), this decrease 
is correlated with the increased activity of hydrolytic enzymes during ripening. 
Exposure to ethylene results in higher PPO (polyphenol oxidase activity) (Couture et 
al. 1993; Peng and Yamauchi 1993) which readily oxidises the soluble phenolic 
compounds (Ke and Saltveith 1988). The effects of ethephon in the current study are 
similar to ethylene effects on PPO activity. The concentration of individual and total 
phenols in 2014 was comparatively high when the average rainfall was less than in 
2013. Water availability has a large effect on the phenolic profile of virgin olive oil 
(VOO) (Gómez-Rico et al., 2007; Servili et al., 2007; Ripa et al., 2008 and Tura et 
al., 2008). Yousfi et al. (2006) noted a higher amount of different phenolic 
compounds in the oils obtained from the fruit harvested in the low rainfall season 
than those obtained in the season with double rainfall.  
6.4.9. Sensory attributes 
The sensory attributes of olive oil (fruitiness, bitterness and pungency) showed 
significant decrease in both years and cultivars (Frantoio and Manzanilla) with the 
higher concentrations ethephon applied (Fig. 36, 37 and 38). However, none of any 
olive oil defects were found in any samples. Phenolic compounds are highly 
correlated to organoleptic characteristics of olive oil (Andrewes et al., 2003 and 
Beltrán et al., 2007). The amount of phenolic compounds decreases with the progress 
of maturity (Yousfi et al. 2006 and Riachy et al., 2012) and is due to the effect of 
ethylene enhanced by the ethephon treatment (Couture et al., 1993 and Peng and 
Yamauchi, 1993). These differences are attributed to chemical reactions and 
enzymatic activities, such as glycosidases, phenol oxidases or phenol polymerases 
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(Ke and Saltveith, 1988). Yousfi et al. (2009) also reported decreased bitterness 
while he exposed ripening index (RI) stored olive fruit to 30 mgL-1 ethylene.  
6.5. Conclusion 
Ethephon is one of the ethylene releasing compounds commonly used to improve 
mechanical harvesting yield of olive fruit. However, injudicious use of ethephon can 
cause excessive leaf loss. To find out a suitable concentration of ethephon the current 
study was conducted on Frantoio and Manzanilla olive cultivars in two consecutive 
years in south-western Australian conditions. From the study it was observed that, 
application of ethephon significantly influences the physicochemical and 
biochemical attributes of the olive fruit. The level of ethylene production, ripening 
index, fruit and leaf abscission and free fatty acid of olive oil increased significantly 
with the increase of applied ethephon concentrations in comparison to the control 
treatment. Among different fatty acids, significant increase was observed in most of 
the cases, however, the level of oleic acid, MUFA and MUFA/PUFA ratio decreased 
with the increase of ethephon concentration. Concentration of different polyphenols 
(hydroxytyrosol, tyrosol, oleuropein, and total polyphenol) and level of sensory 
attributes (fruitiness, bitterness and pungency) of the virgin oil decreased 
significantly with the increase of ethephon concentrations applied. However, there 
was no effect of ethephon on the fruit moisture (%) and oil (% fresh and dry weight 
basis) content of the olive fruit. Among the applied concentrations of ethephon, 1000 
to 2000 mg L-1 in 2013 and 1000 to 1500 mg L-1 in 2014 did not show significant 
differences for the studied parameters. In conclusion, exogenous spray application 
ethephon (1000 – 1500 mg L-1) one week before harvest seems to be promising to 
facilitate mechanical harvesting and maintain quality of virgin olive oil.  
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Chapter 7 
Effect of time of ethephon spray application on the physicochemical, 
biochemical and organoleptic properties of olive fruit and virgin oil 
cv. Frantoio and Manzanilla grown in south-western Australia 
 
Abstract 
The use of ethephon, ethylene precursor promotes fruit abscission and also results in 
a considerable loss of leaves if not used judiciously or at the proper stage of fruit 
growth. There is limited information on the effect of time of application of ethephon 
on fruit and oil of olives grown in Australia. The current study was conducted to 
observe the effect of different application period (1, 2, 3, or 4 weeks before 
harvesting) of single ethephon spray application on physico-chemical, biochemical 
and organoleptic properties of cvs. Frantoio and Manzanilla olives grown in south-
western Australia. Ethephon treatment periods showed significant effects on the 
studied parameters in comparison to the control fruit which increased RI (4.84), fruit 
and leaf abscission (95.92% and 27.44% respectively), free fatty acids (0.42%), 
peroxide value (11.02 meqO2 kg-1), palmitic acid (13.19%), stearic acid (4.19%), 
linoleic acid (11.12%) and PUFA (11.60%) were observed when the olive trees were 
sprayed with ethephon at four weeks before harvesting compared to control. 
Significantly reduced phenolic compounds (3.91, 6.05 and 59.54 mg Kg-1 
hydroxytyrosol, tyrosol and oleuropein respectively) and sensory attributes (1.74, 
1.51 and 1.72 scores for fruitiness, bitterness and pungency respectively) of virgin oil 
were also noted from this treatment. However, the ethephon application periods did 
not differ significantly among themselves in respect of their effects on the 
parameters, it could be concluded that the suitable period of single ethephon spray to 
olive trees is at least two weeks before harvesting the fruit. 
7.1. Introduction 
Harvesting of olive (Olea europaea L.) fruit make up the major portion (50–80 %) of 
its cultivation cost (Metzidakis, 1999). For ensuring better return from olive 
cultivation, use of an abscission agent like ethephon gained enormous attention of the 
growers (Burns et al., 2005). Ethephon promotes fruit abscission, minimizes fruit 
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damage and enables easy picking or mechanical fruit harvesting by lowering the 
level of mechanical forces (FRF) necessary during harvest (Edgerton, 1968; Bukovac 
et al., 1969; Hartmann et al., 1970; Young and Jahn, 1972; and Kadman and Ben-
Tal, 1983). Ethephon and other abscission agents are used especially with high 
cropping levels, or to harvest greener fruit earlier in the season, or to lower the FRF 
on certain varieties difficult to harvest (e.g. Frantoio, Koroneiki and Arbequina). 
However, ethephon application results in a considerable loss of leaves coincident 
with fruit loosening (Burns et al., 2008). Alteration in ethephon application timing 
and duration were tested by Lang and Martin (1985, 1989) with promising results to 
minimize unwanted defoliation. 
 Growth stage of the fruit and ambient conditions including temperature and 
relative humidity affect the extent of ethylene penetration into the fruit cells and rate 
of ethylene evolution from the decomposition of ethephon (Olien and Bukovac, 
1978, 1982; Flore and Bukovac, 1982; Beaudry and Kays, 1987; and Kays and 
Beaudry, 1987). El-Tamzini et al. (1980) reported the use of ethrel (1250 mg L-1) as 
an effective agent to reduce the FRF (maximum of 73%) while olive trees were 
treated two weeks before harvesting. However, Touss et al. (1995) reported non-
significant effect of ethephon treatments on mechanical harvesting of olive while 
they treated Arbequina cv. olive trees at 12 days before harvest with different 
concentrations of ethephon. There are limited published reports on the effect of 
ethephon application period on the fruit and oil quality of olives grown in Australia. 
Therefore, determination of suitable period of ethephon treatment bears importance 
to investigate the effect of application period on the quality of harvested product 
under south-western Australian conditions. It is also important to observe the effect 
on maintaining the balance between fruit and leaf loss for avoiding potential risks 
with future fruiting in olive. The present study was conducted with the goal of 
finding out a suitable period of treating the Frantoio and Manzanilla olive cultivars 
grown in south-western Australian conditions and the ethephon application periods 
were sequenced as four, three, two and one week before harvesting of the olive fruit. 
The effect of the ethephon application period was observed on ripening index (RI), 
fruit removal force (FRF), fruit and leaf abscission (%), oil content (% dry weight), 
content of free and individual fatty acids, phenolic compounds and changes in 
sensory attributes.  
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7.2. Materials and methods: 
7.2.1. Plant material, experimental location and climatic conditions 
Frantoio and Manzanilla cvs. olive fruit grown in the olive field at Talbot Grove, 
York (31°52ʹ44″ S, 116°45ʹ57″ E), located at 120 km East of Perth, WA, were used 
as experimental material. Details on the quality of plant material, their maintenance, 
experimental location and climatic conditions have been presented in Chapter 3, 
Section 3.1. Disease free, matured and uniform sized fruit were collected from the 
control and ethephon treated olive trees.  
7.2.2. Design of experiment and treatments 
The experiment was designed as two factor (ethephon spray period X cultivar) 
factorial Randomized Complete Block Design (RCBD) with 4 replications of the 
experimental unit (a single olive tree). Different spray periods (1, 2, 3 and 4 weeks 
before harvesting) of ethephon (1500 mg L-1) [2-chloroethylphosphonic acid (Rhone-
Poulenc Rural Australia Pty Ltd, Baulkham Hills, NSW, Australia)] and 0.05% 
‘Tween 20’ as a surfactant was sprayed by using a sprayer (The Selecta Trolleypak 
Mk II, Acacia Ridge, Australia) were considered as the treatments. Untreated olive 
trees were considered as control. 
7.2.3. Collection of olives and extraction of olive oil 
Olive fruit (composite samples of 1.5 to 2 Kg per replicate) were harvested from four 
representative trees included in four replications. The fruit were picked by hand and 
virgin olive oil was extracted from the collected fruit by following the method 
explained by Rivas et al. (2013) with some modifications. The details of extraction of 
oil have been described in details in Chapter 3, Section 3.4 
7.2.4. Determination of ripening index 
Ripening index (RI) of olive fruit sample was determined according to the method 
described by Uceda and Frias (1975). One hundred randomly selected healthy fruit 
per replicate were cut in half to expose the internal flesh for grading in eight groups 
and for calculation of the ripening index value as described in Chapter 3, Section 
3.5.6.  
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7.2.5. Determination of fruit removal force (FRF) 
The fruit removal force was determined by using a texture profile analyser (TPA 
Plus, AMETEK Lloyd Instruments Ltd, Hampshire, UK) as described in Chapter 3, 
Section 3.5.5. The analyser was equipped with horizontal square base table (15 cm × 
15 cm) and interfaced to a personal computer with Nexygen® software. Twenty 
randomly selected fruit per replication were used for determining fruit removal force.  
7.2.6. Fruit and leaf abscission 
Abscission of leaf and fruit was determined from three selected branches of each 
replicate. The numbers of leaves and fruit before applying the treatments and after 
harvesting the fruit were used to calculate the percentage of abscission as described 
in Chapter 3, Section 3.5.9. 
7.2.7. Olive oil content (% dry weight) 
Ten grams of olive fruit paste was dried in an oven at 80°C for 24 h and the dry 
weight of each replicate was recorded and oil percentage was determined by 
following the method described by Avidan et al. (1999) and detailed in Chapter 3, 
Section 3.5.8.  
7.2.8. Determination of free fatty acids 
A mixture of 10 g of the olive oil sample and 50 ml of the solvent (1:1 of 95% (V/V) 
ethanol (C2H6O) and diethyl ether) was titrated with a solution of potassium 
hydroxide (KOH4) to the end point of the indicator pink colour. Three drops of 
phenolphthalein were used an indicator. The details of calculating the amount of free 
fatty acids have been presented in Chapter 3, Section 3.5.11. 
7.2.9. Peroxide value  
Sample olive oil (1-2 g) was dissolved with 10 ml of chloroform (CHCl3), 15 ml of 
acetic acid (C2H4O2) and 1 ml of potassium iodide (KI) solution. The mixture was 
titrated with the sodium thiosulphate solution (0.002 N). During titration the flask 
was under continuous shaking and starch solution was used as an indicator (10 g/l 
aqueous dispersion) from a purplish to yellowish or colourless endpoint. The detailed 
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procedure for determining peroxide value (meq O2 kg-1) has been described in 
Chapter 3, Section 3.5.12. 
7.2.10. Determination of fatty acids composition 
Composition of fatty acids in olive oil was determined by a gas chromatograph 
following the method prescribed by the International Olive Council (2001) as 
described in Chapter 3 Section 3.5.13. Only 0.1 g of the oil sample was added to 2 
mL of heptane and homogenized followed by addition of 0.2 mL of 2 N methanolic 
potassium hydroxide solution. The gas chromatograph was fitted with a fused silica 
column (50m length × 0.25mm i.d.) coated with SGL-1000 phase (0.25µm thickness 
sugar labour, Spain) and containing a FID detector (HP 6890, Agilent Technologies). 
Temperature of the injector and detector was maintained at 250° C and the oven 
temperature was maintained at 210° C.  
7.2.11. Total polyphenols   
The total phenols from the oil were quantified by following the method of Ranalli et 
al. (1999) using a spectrophotometer (Model SECOMAM ANTHELIE Advanced, 
France) and calculated according to method described by Mateos et al. (2001).  The 
detailed method has been described in Chapter 3, Section 3.5.13. 
7.2.12. Determination of polyphenolic compounds 
Composition of polyphenolic compounds was determined by mixing 5 ml of 
methanol/water (80/20, v/v) with 5 g of virgin olive oil and analysing the mixture by 
HPLC-DAD. The phenolic compounds were quantified at 235-280 nm using syringic 
acid as internal standard. Phenolic standards (3,4 DHPEA-EA, Tyrosol and 
hydroxytyrosol) of 0.015 mg/ml strength were prepared and used to determine the 
level of polyphenols as described in Chapter 3, Section 3.5.14. COI/T.20DocNo 29 
(2009). 
7.2.13. Determining the sensory attributes 
A tasting panel of seven trained tasters worked to determine sensory attributes from 
olive oil samples according to the standard procedure (EC Reg. 796/2002) which has 
also been described in Chapter 3, Section 3.5.10. The tests were scheduled in two 
different days with ½ hour breaks between two tests. The test panel was supplied 
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with scaled sheets for the sensory attributes such as fruitiness, bitterness and 
pungency. Each attribute was scaled from 0 to 10 where 1 represented the value for 
the poorest and 10 the best possible quality for the sample (Fig.3.9). 
7.2.14. Statistical analysis of data 
The experimental data were analysed employing two ways analysis of variance 
(ANOVA) using Genstat 14 (release 14.1; Lawes Agricultural Trust, Rothamsted 
Experimental Station, Harpenden, UK). Within the analysis of variance, the effects 
of time of application of ethephon treatments, cultivars and their interactions were 
assessed. Least significant differences (Fisher’s LSD) were calculated following 
significant (P ≤ 0.05) F test. To ensure the validity of statistical analysis all the 
assumptions of analysis were examined. 
7.3. Results: 
7.3.1. Ripening index (RI) 
The ripening index increased significantly (P ≤ 0.05) when the olive trees of both 
cultivars were sprayed with 1500 mg L-1 ethephon from one to four weeks before 
fruit harvest. Highest average RI value (4.85) was observed while the trees were 
sprayed four weeks prior to the harvest and the lowest average RI (3.35) was 
recorded in control fruit. The cultivars also showed significant differences for RI 
with an average value of 4.65 and 3.95 for cv. Frantoio and Manzanilla respectively. 
There was a non-significant (P ≤ 0.05) interaction between time of application and 
cultivars for fruit ripening index (Table.7.1).  
7.3.2. Fruit removal force (FRF) 
The mean fruit removal force (FRF) in olive fruit significantly (P ≤ 0.05) reduced 
with the spray application of ethephon (1500 mg L-1) one- to four-week prior to 
harvest, irrespective of the cultivar (Table 7.1). The highest average FRF was 
observed in the control (4.88N) and the lowest average FRF (1.58N) was noted when 
the trees were sprayed four weeks before harvest. Manzanilla olive fruit showed 
significantly higher FRF than Frantoio cultivar and the mean FRF values were 2.86N 
and 2.22 N respectively. The interaction between time of application of ethephon and 
cultivars for fruit removal force was non-significant (Table. 7.1).   
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7.3.3. Fruit and leaf abscission 
The fruit and leaf abscission increased significantly in both cultivars with the 
advancement of ethephon application from one- to four-weeks before harvest.  The 
average fruit abscission increased from 69.39% in control to 95.92% on the trees 
sprayed four weeks prior to harvest and the average leaf abscission increased from 
4.33% in control to 27.44% on the trees sprayed four weeks before harvest. The rate 
of fruit and leaf abscission in cv. Frantoio (91.46% and 20.11% respectively) was 
higher than cv. Manzanilla (84.53% and 17.18% respectively). The interaction 
between the treatments of time of application of ethephon and cultivars for fruit and 
leaf abscission was non-significant (Table. 7.1).  
7.3.4. Oil content (% dry weight) 
The ethephon treatments and the interaction between the treatments and cultivars did 
not differ significantly for oil content in both cultivars as percentage of dry weight of 
olive fruit. Higher concentration of oil was observed in cv. Frantoio (37.66%) which 
is significantly different than the content of cv. Manzanilla (36.62%) (Table.7.2).  
7.3.5. Free fatty acids 
The virgin olive oil extracted from olives of the trees sprayed with ethephon (1500 
mg L-1) two weeks prior to harvest showed significantly higher levels of free fatty 
acids compared with the control and other treatments in both cultivars (0.36% in 
Frantoio and 0.52% in Manzanilla cvs.). Irrespective of timing of spraying, the cv. 
Manzanilla olive oil showed higher average free fatty acid (0.40%) than the cv. 
Frantoio (0.32%). There was a non-significant (P ≤ 0.05) interaction between time of 
application and cultivars for levels of free fatty acids in the oil (Table. 7.2). 
7.3.6. Peroxide value  
The peroxide value (meq O2 kg-1) of virgin olive oil significantly increased from 
one- to four-weeks before spraying the trees with ethephon (1500 mg L-1) then the 
control fruit irrespective of the cultivar. Higher peroxide values in the oil were 
observed in both cultivars when ethephon spray was applied four weeks before 
harvest (10.70 and 11.34 meq O2 kg-1 respectively). The cultivars and the interaction 
between time of application and cultivars for peroxide value did not show significant 
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differences. However, peroxide value of cv. Manzanilla (10.16 meq O2 kg-1) was 
higher than the cv. Frantoio (9.18 meq O2 kg-1) (Table. 7.2).  
7.3.7. Fatty acids compositions: 
7.3.7.1. Palmitic acid (C 16:0) 
The average concentration of palmitic acid (C:16) (%) of virgin olive oil 
significantly (P ≤ 0.05) increased in both cultivars with ethephon (1500 mg L-1) 
spray from one- to four-weeks prior to harvest (from 12.78% to 13.19%). The 
interaction between cultivars and time of application of ethephon for palmitic acid 
(%) were found to be non-significant. However, palmitic acid in cv. Manzanilla 
(12.50%) was higher than the cv. Frantoio (12.41%) (Table.7.3).  
7.3.7.2. Stearic acid (C18:0) 
Virgin olive oil extracted from Frantoio and Manzanilla cv. fruit treated with 
ethephon (1500 mg L-1) four weeks before harvesting showed significantly higher 
concentration of stearic acid (4.28% and 4.10% respectively) than the fruit collected 
from the control (Table.7.3). Irrespective of the time of spraying, higher average 
stearic acid (%) was observed in Frantoio (3.80%) than cv. Manzanilla (3.03%). 
There was a non-significant (P ≤ 0.05) interaction between time of spraying 
ethephon and cultivars for stearic acid (%). 
7.3.7.3. Oleic acid (C 18:1) 
The concentration of oleic acid of virgin olive oil samples significantly (P ≤ 0.05) 
decreased with ethephon treatment (1500 mg L-1) when applied one- to four-weeks 
prior to harvest than the control fruit in both cultivars (Table 7.3). The value of oleic 
acid decreased from 72.65% in control cv. Frantoio to 66.64% in four-week prior 
ethephon sprayed Frantoio and from 75.68% in control cv. Manzanillato 72.66% in 
four-week prior ethephon sprayed cv. Manzanilla Irrespective of treatments, higher 
average concentration of oleic acid (1.08-fold) was observed in Manzanilla than 
Frantoio. There was a non-significant (P ≤ 0.05) interaction between ethephon 
treatments and cultivars for oleic acid (C 18:1) (%) (Table 7.3).  
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7.3.7.4. Linoleic acid (C 18:2) 
The average concentration of linoleic acid (C 18:2) (%) of virgin olive oil in cv. 
Frantoio and Manzanilla increased significantly (P ≤ 0.05) from the control (8.78 %) 
to ethephon (1500 mg L-1) treated fruit in four weeks before harvest (11.12%) (Table. 
7.3). Irrespective of timing of ethephon spray, the cv. Frantoio olive oil showed 
higher average linoleic acid (%) (10.61%) than cv. Manzanilla (10.45%). There was 
a non-significant (P ≤ 0.05) interaction between time of ethephon application 
treatments and cultivars for linoleic acid (%). 
7.3.7.5. Monounsaturated fatty acids (MUFA)  
Virgin olive oil extracted from Frantoio and Manzanilla cv. treated with ethephon 
(1500 mg L-1), irrespective of time of treatment, showed significantly lower levels of 
MUFA (%) than the fruit collected from control trees (Table. 7.3). Higher average of 
MUFA (%) was observed in cv. Manzanilla (77.10%) which was significantly (P ≤ 
0.05) higher than cv. Frantoio (72.20 %). There was a non-significant (P ≤ 0.05) 
interaction between the time of ethephon spray treatments and cultivars for MUFA 
(%) of virgin olive oil. 
7.3.7.6. Polyunsaturated fatty acids (PUFA)  
The treatment, cultivars and their interactions did not show significant differences for 
PUFA (%) of virgin olive oil. However, higher average PUFA (%) was observed in 
the olive oil extracted from the fruit treated with ethephon (1500 mg L-1) four weeks 
before harvesting (11.60%) than the control fruit (9.41) irrespective of the cultivars. 
The average of PUFA (%) in cv. Frantoio was higher than in cv. Manzanilla (1.03-
fold) (Table. 7.3).  
7.3.7.7. MUFA/PUFA ratio 
The average of the MUFA/PUFA ratio of virgin olive oil in both cultivars was 
significantly (P ≤ 0.05) reduced from the control to the ethephon treated (1500 mg L-
1) fruit four weeks prior to harvest (8.36 to 6.47 %). The interactions between the 
ethephon treatments and cultivars were found to be non-significant MUFA/PUFA 
ratio of virgin olive oil. However, irrespective of timing of treatments, average of 
MUFA/PUFA ratio in cv. Manzanilla (7.26 %) was slightly higher than cv. Frantoio 
(6.61 %) (Table 7.3). 
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7.3.8. Polyphenolic compounds: 
7.3.8.1. Hydroxytyrosol 
When averaged over cultivars, the mean level of hydroxytyrosol (mg kg-1) of virgin 
olive oil decreased significantly (P ≤ 0.05) with ethephon (1500 mg L-1) application 
four weeks prior to harvest (3.91 mg kg-1) than control (7.05 mg L-1). Manzanilla cv. 
showed significantly higher concentration of hydroxytyrosol (5.21 mg kg-1) than the 
Frantoio (4.49 mg kg-1). There was a non-significant (P ≤ 0.05) interaction between 
the treatments of time of application of ethephon and cultivars for hydroxytyrosol of 
virgin olive oil (Table 7.4). 
7.3.8.2. Tyrosol  
When averaged over cultivars, the treatment of ethephon (1500 mg L-1) four weeks 
prior to harvest significantly reduced the levels of tyrosol (6.05 mg kg-1) of virgin 
olive oil than control fruit  (9.37 mg kg-1). Manzanilla olives also showed 
significantly higher levels of tyrosol (8.42 mg kg-1) than cv. Frantoio (5.70 mg kg-1). 
There was no significant (P ≤ 0.05) interaction between time of ethephon treatment 
and cultivars for tyrosol content of virgin olive oil (Table 7.4). 
7.3.8.3. Oleuropein aglycon (3,4 DHPEA-EA)  
The mean level of 3,4 DHPEA-EA of virgin olive oil decreased (59.54 mg kg-1) 
significantly in ethephon (1500 mg L-1) treated olives four weeks prior to harvest 
than the control olives (124.40 mg kg-1). Irrespective of timing of ethephon 
treatments, the average of oleuropein in cv. Manzanilla was slightly higher (85.53 
mg kg-1) than Frantoio (81.25 mg kg-1). There was a non-significant (P ≤ 0.05) 
interaction between time of ethephon treatments and cultivars for 3,4 DHPEA-EA 
(Table 7.4). 
7.3.8.4. Total polyphenols 
When averaged over cultivars, the spray treatment of ethephon (1500 mg L-1) four 
weeks prior to harvest has significantly reduced mean levels of total phenols in the 
virgin olive oil (264.00 mg kg-1) compared with control (400.05 to 264.00 mg kg-1).  
When averaged over treatments, mean levels of total phenols in the virgin olive oil 
were higher in cv. Manzanilla (333.42 mg kg-1) than cv. Frantoio olives (277.41 mg 
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Kg-1). The interaction between time of application of ethephon treatments and 
cultivars was found to non-significant (P ≤ 0.05) for levels of total phenols in the 
virgin olive oil (Table 7.4). 
7.3.9. Sensory attributes 
The sensory attributes of virgin olive oil including fruitiness, bitterness and 
pungency showed significant (P ≤ 0.05) decrease in both olive cultivars with the 
application of ethephon (1500 mg L-1) from one- to four-week prior to the harvest 
(Table 7.5). Higher fruitiness, bitterness and pungency were recorded in control 
Frantoio (3.14, 3.21 and 3.78 respectively) and Manzanilla (3.67, 3.56 and 3.41) 
cultivar. The lower values of fruitiness, bitterness and pungency were observed in the 
fruit sprayed four weeks before harvest (Frantoio- 1.35, 1.17and 1.64 and 
Manzanilla- 2.13, 1.85 and 1.81 respectively). When averaged over treatments, the 
mean values of sensory attributes of virgin olive oil including fruitiness, bitterness 
and pungency were higher in cv. Manzanilla (2.76, 2.42 and 2.35) than cv. Frantoio 
(1.97, 1.80 and 2.27) (Table 7.5).  
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Table. 7.1. Effects of pre-harvest times of ethephon (1500 mg L-1) spray treatment on ripening index (RI), fruit removal force, fruit and leaf 
abscission in  cvs. Frantoio and Manzanilla olives grown in south-western Australia. 
Parameters 
 
Cultivars (cv) 
Ethephon spray (week before harvest ) (T) Mean 
(cv) LSD  (P < 0.05) Control           1         2          3         4 
RI (0-7) Frantoio 3.508 4.648 4.773 5.033 5.275 4.647b T = 0.62 
Manzanilla 3.195 3.90 4.223 4.038 4.415 3.954a CV = 0.39 
Mean (T) 3.351a 4.274b 4.498b 4.535b 4.845b  T x CV = NS 
Fruit removal 
force (N) 
Frantoio 4.56 2.09 1.80 1.39 1.26 2.22a T = 0.67 
Manzanilla 5.21 2.76 2.26 2.19 1.90 2.86b CV= 0.42 
Mean (T) 4.88a 2.43b 2.03b 1.79b 1.58b  T x CV =NS 
Fruit 
abscission (%) 
Frantoio 75.66 92.16 94.64 96.30 98.56 91.46b T = 10.31 
Manzanilla 63.11 85.52 89.86 90.87 93.28 84.53a CV = 6.52 
Mean (T) 69.39a 88.84b 92.25b 93.58b 95.92b  T x CV = NS 
Leaf abscission 
(%)  
Frantoio 5.36 18.83 20.18 26.16 30.02 20.11 T = 6.51 
Manzanilla 3.31 19.61 17.18 20.96 24.85 17.18 CV = NS 
Mean (T) 4.33a 19.22b 18.68b 23.56bc 27.44c 18.65 T x CV = NS 
 
*Any two mean within a column and within a row followed by different letters are significantly different at P < 0.05. n = 4 replications  
 
 
 
 
Chapter 7: Effect of time of ethephon application on olive fruit and oil 
 
146 
 
Table.7.2. Effects of pre-harvest times of ethephon (1500 mg L-1) spray treatment on oil content, free fatty acids and peroxide value in virgin 
olive oil of cvs. Frantoio and Manzanilla grown in south-western Australia. 
Parameter 
 
Cultivars (cv) 
Ethephon spray (week before harvest ) (T) Mean 
(cv) 
LSD      
(P < 0.05)    Control                             1            2           3          4 
Oil (% dry 
weight) 
Frantoio 37.66 37.50 38.58 37.93 36.65 37.66b T = NS 
Manzanilla 36.72 36.62 36.62 36.72 36.40 36.62a CV = 0.815 
Mean 37.19 37.06 37.60 37.33 36.53  T x cv = NS 
Free fatty acid 
(%) 
Frantoio 0.23 0.32 0.36 0.30 0.39 0.32a T = 0.086 
Manzanilla 0.25 0.32 0.52 0.45 0.44 0.40b CV = 0.055 
Mean 0.24a 0.32ab 0.44c 0.37c 0.42c  T x CV = NS 
Peroxide 
(meqO2 kg-1) 
 
Frantoio 6.62 9.62 8.75 10.21 10.70 9.18 T = 1.55 
Manzanilla 8.485 10.68 11.13 9.19 11.34 10.16 CV = NS 
Mean 7.55a 10.15b 9.94b 9.7b 11.02bc  T x CV = NS 
 
*Any two mean within a column and within a row followed by different letters are significantly different at P ≤ 0.05. n = 4 replications  
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Table.7.3. Effects of pre-harvest times of ethephon (1500 mg L-1) spray treatment on fatty acid composition of virgin olive oil of cvs. Frantoio 
and Manzanilla olives grown in south-western Australia  
Fatty acids (%) 
 
Cultivars (cv) 
Ethephon spray (week before harvest ) (T) Mean 
(cv) LSD  (P < 0.05) Control 1 2 3 4 
Palmitic acid 
(C16:0) 
Frantoio 9.87 12.64 12.72 13.32 13.52 12.41 T = 1.261 
Manzanilla 10.99 12.91 13.79 11.96 12.84 12.50 CV = NS 
Mean 10.43a 12.78b 13.26b 12.65b 13.19b  T x CV = NS 
Stearic acid 
(C18:0)  
Frantoio 2.14 4.16 4.24 4.16 4.28 3.80b T = 0.859 
Manzanilla 2.55 2.93 2.35 3.24 4.10 3.03a CV = 0.543 
Mean 2.35a 3.54b 3.29b 3.70b 4.19c 3.42 T x CV = NS 
Oleic acid 
(C18:1)  
Frantoio 72.65 67.85 67.65 67.25 66.64 68.41a T = 2.373 
Manzanilla 75.68 74.46 74.08 73.45 72.66 74.06b CV = 1.501 
Mean 74.16b 71.15a 70.86a 70.35a 69.65a  T x CV = NS 
Linoleic acid 
(C18:2) 
Frantoio 8.72 10.62 10.77 11.42 11.52 10.61 T = 1.416 
Manzanilla 8.84 10.72 11.36 10.61 10.71 10.45 CV = NS 
Mean 8.78a 10.67b 11.06b 11.01b 11.12b  T x CV = NS 
Monounsaturated 
fatty acid 
(MUFA) 
Frantoio 74.79 72.01 71.88 71.41 70.91 72.20a T = NS 
Manzanilla 78.23 77.38 76.43 76.69 76.76 77.10b CV = 1.494 
Mean 76.51 74.70 74.16 74.05 73.84  T x CV = NS 
Polyunsaturated 
fatty acid 
(PUFA) 
Frantoio 9.39 11.19 11.36 11.79 12.08 11.16 T = NS 
Manzanilla 9.42 11.15 11.75 11.15 11.12 10.91 CV = NS 
Mean 9.41 11.17 11.55 11.47 11.60  T x CV = NS 
MUFA/ PUFA Frantoio 8.19 6.46 6.39 6.08 5.92 6.61 T = 10.311 
Manzanilla 8.54 7.11 6.55 7.09 7.02 7.26 CV = NS 
Mean 8.36b 6.78a 6.47a 6.58a 6.47a  T x CV = NS 
 
*Any two mean within a column and within a row followed by different letters are significantly different at P ≤ 0.05. n = 4 replications  
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Table. 7.4. Effects of pre-harvest times of ethephon (1500 mg L-1) spray treatment on phenolic compounds of virgin olive oil of cvs. Frantoio and 
Manzanilla olives grown in south-western Australia.  
 
 
*Any two mean within a column and within a row followed by different letters are significantly different at P ≤ 0.05. n = 4 replications  
 
 
 
 
 
Polyphenols 
compounds 
(mg/kg-1) 
 
Cultivars (cv) 
Ethephon spray (week before harvest ) (T) Mean 
(cv) LSD (P < 0.05) Control 1 2 3 4 
Hydroxytyrosol Frantoio 6.535 4.618 4.118 3.818 3.318 4.49a T = 0.87 
Manzanilla 7.56 4.60 4.50 4.90 4.50 5.21b CV = 0.55 
Mean 7.05b 4.61a 4.31a 4.38a 3.91a  T x CV = NS 
Tyrosol Frantoio 8.88 5.94 5.23 4.84 4.54 5.70a T = 1.24 
Manzanilla 10.85 8.10 7.80 7.74 7.54 8.42b CV = 0.79 
Mean 9.37b 7.04a 6.53a 6.29a 6.05a  T x CV = NS 
3,4 DHPEA-EA Frantoio 133.08 78.43 78.62 67.32 48.82 81.25 T =28.48 
Manzanilla 115.72 82.12 88.21 71.37 70.27 85.53 CV =NS 
Mean 124.40b 80.27a 83.41a 69.34a 59.54a  T x CV= NS 
Total  phenols Frantoio 385..31 277.81 267.31 236.56 221.06 277.41a T =48.43 
Manzanilla 414.79 322.50 313.68 310.63 304.00 333.42b CV= 30.63 
Mean 400.05b 299.03a 290.52a 273.47a 264.00a  T x CV= NS 
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Table.7.5. Effects of pre-harvest times of ethephon (1500 mg L-1) spray treatment on sensory attributes of virgin olive oil of cvs. Frantoio and 
Manzanilla olives grown in south-western Australia  
Sensory 
attributes 
 
Cultivars (cv) 
Ethephon spray (week before harvest ) (T) Mean 
(cv) LSD  (P < 0.05) Control 1 2 3 4 
Fruitiness  
(0-10) 
Frantoio 3.14 2.15 1.70 1.51 1.35 1.97a T = 0.516 
Manzanilla 3.67 2.92 2.71 2.34 2.13 2.76b CV = 0.326 
Mean 3.40c 2.53b 2.21ab 1.93a 1.74a  T x CV = NS 
Bitterness 
(0-10 ) 
Frantoio 3.21 1.87 1.47 1.28 1.17 1.80a T = 0.470 
Manzanilla 3.56 2.47 2.25 1.96 1.85 2.42b CV = 0.297 
Mean 3.39c 2.17b 1.86b 1.62a 1.51a  T x CV = NS 
Pungency  
(0-10) 
Frantoio 3.78 2.12 2.00 1.81 1.64 2.27 T = NS 
Manzanilla 3.41 2.42 2.11 2.00 1.81 2.35 CV = 0.501 
Mean 3.59c 2.27b 2.05ab 1.90ab 1.72a  T x CV = NS 
 
*Any two mean within a column and within a row followed by different letters are significantly different at P ≤ 0.05. n = 4 replications  
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7.4. Discussion 
Use of abscission agents shows a positive effect on decreasing the FRF hence 
increasing harvest efficiency when applied at correct rates, times and conditions. 
This efficiency is reflected through faster harvesting, reduced length of harvest, as 
well as costs and risks associated with late harvest (Ravetti and McClelland, 2008). 
As a potential aid in the harvesting of olives, the abscission agents are used 
especially during high cropping levels, or to harvest greener fruit earlier in the 
season, or to lower the FRF on certain varieties that prove difficult to harvest (for 
example Frantoio, Koroneiki and Arbequina cvs.) (Ravetti and McClelland, 2008). 
Ethephon is a hormonal product and there is always a potential risk of undesirable 
fruit losses and/or defoliation. Therefore, it is crucial to determine the suitable period 
of ethephon treatment to ensure better quality harvested product and maintain the 
balance between fruit and leaf loss for avoiding potential risks with future fruiting in 
olives. There is limited information available on the effect of ethephon application 
period on the olives growing in south-western Australian conditions. The current 
study was conducted with the goal of finding out a suitable period of treating the 
Frantoio and Manzanilla olive cultivars grown in south-western Australian 
conditions. The ethephon treatments were sequenced as four, three, two and one 
week before harvesting of the olive fruit. Control fruit trees were maintained without 
any treatment of ethephon. The results obtained from this experiment have been 
discussed here in light of the available relevant information from studies of other 
researchers. 
7.4.1. Physical parameters (RI, FRF, fruit and leaf abscission) 
The ripening index and the rate of fruit abscission (%) of both olive cultivars were 
significantly (P ≤ 0.05) promoted in comparison to control by pre-harvest ethephon 
treatment (four weeks before fruit harvest). On the other hand, FRF significantly 
reduced irrespective of the cultivar from one- to four-week advanced spray of 
ethephon (1500 mg L-1). However, there were no significant differences among the 
ethephon treatments for RI and the treatments also did not differ significantly with 
control for leaf abscission (Table.7.1). The ethylene produced by the ethephon 
treatment at four weeks prior to harvest was effective on the fruit tissues to increase 
the RI, fruit abscission (%) and to reduce the FRF in both cvs. Frantoio and 
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Manzanilla Ethylene induce the abscission of leaves, flowers and fruits (Abeles et al., 
1971; Jackson and Osborne, 1972 and Henry et al., 1973). The growth stage and 
ambient conditions including temperature and relative humidity affect the extent of 
ethylene penetration into the plant cells and rate of ethylene evolution from the 
decomposition of ethephon (Olien and Bukovac, 1978, 1982; Flore and Bukovac, 
1982; Beaudry and Kays, 1987 and Kays and Beaudry, 1987). El-Tamzini et al. 
(1980) also reported a maximum of 73% reduced FRF in olives with the application 
of 1250 mg L-1 ethrel two weeks before harvest. 
7.4.2. Oil content, free fatty acids and peroxide value 
Irrespective of the cultivars, the ethephon treatments and the interaction between the 
treatments and cultivars did not differ significantly for oil content. On the other hand, 
the treatments differed significantly from control fruit for free fatty acids and 
peroxide values. But there was no significant difference among the treatments for 
these parameters (Table.7.2). The application time of ethephon has no effect on the 
oil content, free fatty acids and peroxide values of cvs. Frantoio and Manzanilla 
olives. Similar findings were reported by Ahmed et al. (1981) while they conducted a 
study with Coratina cv. olive by spraying ethrel at two weeks before harvesting the 
fruit. 
7.4.3. Fatty acid compositions  
The average concentration of palmitic acid, stearic acid, linoleic acid and PUFA (%) 
significantly (P ≤ 0.05) increased in both cultivars by ethephon (1500 mg L-1) spray 
than control from one- to four-week prior to harvest. On the other hand, oleic acid, 
MUFA and MUFA/PUFA ratio showed significant decrease due to the effect of 
ethephon spray. However, the ethephon application periods did not show significant 
differences among them for individual fatty acids (Table.7.3). From the study there is 
indication that the ethephon spray affects the concentration of fatty acids in 
comparison to the control fruit but there is little or no significant effect of ethephon 
application time on fatty acid concentrations. Touss et al. (1995) also reported non-
significant effect of ethephon treatments while they treated cv. Arbequina olive trees 
at 12 days before harvest with different concentrations of ethephon. Moderate effect 
of ethephon on palmitic, linoleic and oleic acids was also reported by Cimato (1988). 
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Lavee and Haskal (1975) treated cv. Nabali olives with ethephon at 1500 mg L-1 and 
did not observe any effect of ethephon on neither colour nor taste of the oil. 
7.4.4. Polyphenolic compounds 
The average levels of polyphenols (hydroxytyrosol, tyrosol, and oleuropein) in 
Frantoio and Manzanilla olive oil (mgkg-1) significantly (P ≤ 0.05) decreased from 
the control to ethephon (1500 mg L-1) treated (four weeks prior to harvest) olives. 
Manzanilla showed significantly higher concentration of these phenolic compounds 
than the Frantoio. However, the ethephon application periods did not show any 
significant effect on the levels of phenolic compounds (Table 7.4). Significant 
differences among the cultivars for phenolic compounds were also reported by 
Mania-Djebali et al. (2012). The phenolic compounds differ mainly according to 
crop year, maturation phase and cultivation method (Anastasopoulos et al., 2011). 
There are limited published reports on the effect of time of application of ethephon 
on phenolic composition of virgin olive oil. The pre-harvest application of ethephon 
(4-weeks prior to harvest) showed lower concentration of phenolic compounds. This 
resembles the effect of the evolved ethylene from the applied ethephon that 
correlates with the increased activity of hydrolytic enzymes during ripening to reduce 
the concentration of phenolic compounds (Amiot et al., 1989; Yousfi et al. 2006 
Baccouri et al., 2007 and Riachy et al., 2012). Early exposure to ethylene results in 
higher PPO (polyphenol oxidase) activity (Peng and Yamauchi 1993) which readily 
oxidises the soluble phenolic compounds (Ke and Saltveith 1988) and later 
application of ethephon does not show significant changes on this declining trend.  
7.4.5. Sensory attributes 
The sensory attributes (fruitiness, bitterness and pungency) virgin olive oil showed 
significant (P ≤ 0.05) decrease in both olive cultivars from one- to four-week pre-
harvest spray of ethephon (1500 mg L-1). Higher average values of these attributes 
were also noted in cv. Manzanilla virgin olive oil than cv. Frantoio (Table.7.5). 
However, the ethephon application period did show significant differences among 
them for sensory attributes. There is no published report on the effect of spray period 
of ethephon on the sensory attributes of virgin olive oil. It has been claimed that, the 
sensory attributes of virgin olive oil are dependent on chemical composition 
including concentrations of polyphenols and sterols (Andrewes et al., 2003 and 
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Beltrán et al., 2007) which decreases with the progress of maturity (Yousfi et al. 
2006 and Riachy et al., 2012). Moreover, the ethylene evolved from sprayed 
ethephon causes the reduction of phenolic compounds through oxidation by 
enzymatic activities (Couture et al. 1993). The early application of ethephon at four 
weeks before harvest significantly reduces the concentration of phenolic compounds 
and consequently the reduced values of sensory attributes are also observed from that 
treatment. Decreased bitterness of virgin olive oil was also reported by Yousfi et al. 
(2009) while he exposed of atmosphere stored olive fruit to 30 mgL-1 ethylene. 
However, the effect of ethephon spray period on fruitiness is not clear which arrests 
further investigation. 
7.5. Conclusion 
Ethephon is used as an abscission agent in olive cultivation to make its harvesting 
easier in high cropping levels, or to harvest greener fruit earlier in the season, or to 
lower the FRF on certain varieties difficult to harvest. There is limited information 
available on the effect of pre-harvest application times of ethephon on the olives 
growing in Australian conditions. Therefore, the current study was conducted to find 
out a suitable period of ethephon treatment on physico-chemical, biochemical and 
organoleptic properties of olive fruit and oil of Frantoio and Manzanilla cultivars 
grown in south-western Australian conditions. The spray of ethephon showed 
significant differences for the studied parameters in comparison to the control fruit. 
Significantly increased RI (4.84), fruit and leaf abscission (95.92% and 27.44%), free 
fatty acids (0.42%), peroxide value (11.02 meqO2 kg-1), palmitic acid (13.19%), 
stearic acid (4.19%), linoleic acid (11.12%) and PUFA (11.60%) were observed 
when the olive trees were sprayed with ethephon at four weeks before harvesting. 
Significantly reduced phenolic compounds and sensory attributes were also noted 
from this treatment. However, the treatments did not differ significantly among 
themselves in respect of their effects on the parameters. Therefore, it could be 
concluded that the suitable period of ethephon spray to olive trees is at least two 
weeks before harvesting the fruit to produce virgin olive oil acceptable for trade 
quality. 
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Chapter 8 
General Discussion 
Frantoio and Manzanilla are widely cultivated cultivars in the olive growing 
countries of the world including Australia. Both cultivars are highly productive and 
produce quality fruit and oil. These cultivars also show agronomic adaptability and 
have been cultivated in south-western Australia for several decades (Taylor and Burt, 
2007 and Olives, WA, 2015;). These cultivars also show variations in ripening due to 
variations in agro-climatic conditions which ultimately influence the phenolic 
composition of virgin olive oil (Cinquanta et al., 1997). Other different factors 
influence the quality of virgin olive oil including agronomic practices (Lercker et al., 
1994 and Motilva et al., 2000), application of technologies (Di Giovacchino et al., 
2002 and Salvador et al., 2003), storage conditions (Procida and Cichelli, 1999) and 
virgin olive processing methods (Issaoui et al., 2009). Harvesting time or the 
ripening status of olive fruit was suggested as one of the important factors as well 
(Koutsaftakis et al., 1999).  
Harvesting of olive fruit at over-ripe or at early stage show negative impact on 
the quality and quantity of the extracted oil (Anastasopoulos et al., 2011). Moreover, 
this harvesting operation consumes 50–80 % of the total cost of production 
(Metzidakis, 1999). To minimise the cost of olive production, mechanical harvesting 
systems combined with use of an abscission inducing agent have gained popularity 
(Burns et al., 2005) and ethephon has been used to promote fruit abscission for easy 
picking or mechanical fruit harvesting of different fruit (Edgerton, 1968; Bukovac et 
al., 1969; Young and Jahn, 1972 and Kadman and Ben-Tal, 1983) includingolive 
(Hartmann et al., 1970). Injudicious use of ethephon can cause excessive leaf loss 
which allows the entry of olive knot bacteria (Pseudomonas syringae pv. savastanoi) 
and reduces the crop yield in the following year (Martin, 1986). There is a scarcity of 
published reports on the effects of different factors, especially the growth changes in 
ripening fruit, effect of harvesting time, concentration and application time of 
ethephon on the quality attributes of cvs. Frantoio and Manzanilla olives in the 
context of south-western Australia. Therefore, the current study was conducted 
during 2013 and 2014 to investigate the growth and development of olive fruit, to 
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determine the effects of five different harvesting times (mid- and late-April, mid- and 
late-May and mid-June of 2013 and 2014), different concentration and time of 
application of ethephon on the physical, biochemical and sensory attributes of olive 
fruit and virgin olive oil in cvs. Frantoio and Manzanilla grown in south-western 
Australia. The data obtained from the current study is presented and discussed in 
chapter 4 to chapter 8 along with relevant discussion. An attempt has been made here 
to place a generalized discussion on the major findings from the conducted 
experiments of the study.  
8.1. Fruit growth and development  
Growth and development of olive fruit are influenced by cultivar, climatic conditions 
and cultural practices (Tombesi et al., 1994). A better understanding of the physical 
and physiological changes during growth and development of olive fruit is necessary 
to improve commercial and qualitative characteristics of fruit.  
8.1.1. Changes in the physical parameters during fruit growth and development 
The fruit weight (g) and volume (cc) increased significantly (P ≤ 0.05) and exhibited 
double sigmoid growth curve and were higher in Manzanilla than Frantoio (Fig.4.1). 
Changes in fruit growth parameters do not depend on the cultivar (Lavee et al., 1982, 
1991; Barone et al., 1994; Inglese et al., 1996; Barranco et al., 2000 and Iniesta et al., 
2009), however, the fruit fresh weight differs for cultivars and it is genetically 
determined (Beltrán et al., 2004). Increase of fruit weight in accordance to the fruit 
growth until maturation has also been reported by different researchers (Lavee and 
Wodner, 2004; Menz and Vriesekoop, 2010 and Dag et al, 2011). Significant effect 
of cropping year on the physical measurements (e.g. maturity index, moisture 
content, oil content and fruit weight) of the fruit in different olive cultivars such as 
Corregiolla, Mission and Paragon cvs. have been reported by Mailer et al. (2007) in 
the south western region of New South Wales, Australia, which also supports the 
observation from the current study.  
      Fruit length (cm) and width increased significantly in both cultivars with 
the progress of fruit growth and exhibited double sigmoid growth curve as well as 
higher values for them was noted in 2013. The cv. Manzanilla fruit showed 
significantly higher fruit length and width than Frantoio in both years (Fig. 4.2). 
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Similar observations were noted for pulp weight (g), stone weight (g) and their ratio 
(Fig.4.3). There was a lesser amount of rainfall in 2014 during the growing period of 
olive fruit which might have affected the growth parameters of the fruit in that year. 
This observation supports the observation of Lavee et al. (1990) and Tombesi (1994). 
8.1.2. Changes in production of ethylene and rate of respiration 
Production of ethylene and rate of respiration were high at the initial stage of fruit 
growth and declined significantly in both cultivars from 30 days after full bloom. 
Kitasaki et al. (1999) also reported higher rate of respiration and ethylene production 
during first three weeks after bud burst and then a decline in both. Similar results 
have been reported for cherry (Blanpied, 1972) which reflects the high respiratory 
levels in the meristematic cells of young fruit. Both ethylene and respiration follow a 
similar pattern of changes suggesting a possible interaction between them (Kitasaki 
et al., 1999). The exocarp and the mesocarp contains significant amounts of 
phosphoenol pyruvate carboxylase (Sánchez, 1994), the CO2 fixation enzyme. 
During the fruit development, CO2 produced from the mitochondrial respiration of 
photoassimilates becomes photosynthetically fixed into triose-phosphate in the fruit 
chloroplasts in the light period and thereby the growing fruit expresses lower level of 
CO2 as an indicator during the measurement of respiration (Sánchez and Harwood, 
2002).  
      It was observed that, irrespective of the growth period and cultivars the 
production of ethylene and rate of respiration were higher in 2013 than 2014. Lower 
level of rainfall was noted in 2014 during the growth period of the fruit which 
affected the fruit growing process (Lavee et al., 1990 and Tombesi, 1994) and 
ultimately affected the physiological and ripening process of the fruit (Lavee et al., 
1982, 1991; Barone et al., 1994; Inglese et al., 1996 and Barranco et al., 2000). 
Higher ethylene production at later stages of olive fruit development (175-190 days 
after full bloom) in both cultivars suggests that ethylene seems to be involved in 
olive fruit ripening (Fig. 4.4 A). Exogenous application of ethephon four weeks prior 
to harvest in both the cultivars resulted in higher ethylene production in the fruit 
(Fig.6.1) consequently promoted of olive fruit ripening as reflected by higher 
ripening index (Fig 6.2) in both cultivars during two consecutive years. Higher levels 
of endogenous ethylene production in olive fruit at later stages of development (175-
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190 days after full bloom) and promotion of fruit ripening with the exogenous pre-
harvest application of ethephon in both cultivars suggest the involvement of ethylene 
in hastening ripening of a non-climacteric olive fruit. 
8.1.3. Changes in fruit ripening index during olive fruit development and 
maturation  
The fruit ripening index increased exponentially in both cultivars with the progress 
of fruit maturation (Fig.4.5). The cv. Frantoio showed significantly higher ripening 
index (1.36- fold) than Manzanilla. Varied pattern of ripening index for different 
cultivars were reported by Barranco et al. (2000) where they noted stepped pattern 
for cv. Frantoio. Photosynthetic activity in the fruit tissue decreases with the progress 
of fruit growth and ripening which lowers down the concentrations of both 
chlorophylls and carotenoids (Salvadoret al., 2001). The fruit becomes violet or 
purple due to the accumulation of anthocyanin at its ripe stage (Roca and Minguez-
Mosquera, 2001). A number of changes occur during the ripening of olive and these 
changes influence fruit firmness, chemical composition and sensory characteristics of 
the fruit and oil (Beltrán, 2000). 
8.1.4. Changes in fruit firmness during fruit growth and development 
The fruit firmness (N) in cv. Manzanilla decreased (4.36- fold) significantly (P ≤ 
0.05) with the progress of fruit growth (Fig.4.6). Rotondi et al. (2004) reported that 
the rapid change in the fruit texture takes place over a period of 1–2 weeks during 
fruit ripening and can be observed as a change from hard to softer texture. The 
composition of chemical and biochemical components change with maturation and 
the magnitude of these changes depend on the cultivar, climate and growing 
conditions (Gutierrez et al., 2000). These changes are consequent with the textural 
changes as well and the flesh firmness reduces with progress of fruit maturity 
(Nanaos et al., 1999). Firmness of olive pulp decreases with the loss of uronic acids 
in the cell wall as reported earlier by Jimenez et al. (2001) in Hojiblanca cv. olives 
during ripening. A decrease in methyl esterification of olive pulp cell wall pectic 
polysaccharides during ripening causes the loosening of complexation between 
galacturonic acid and Ca (Mafra et al., 2001 and Ferreira et al., 2006) which 
ultimately decrease the olive pulp firmness.  
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8.2. Effect of harvesting time, concentration and time of application of ethephon 
on physical parameters of olive fruit 
Fruit removal force (FRF) was reduced (from 5.85 N to 4.00 N) in olive fruit 
irrespective of the cultivars from first to fifth harvest in both years and the least fruit 
removal force was observed in the fruit harvested during mid-June or in fifth harvest 
(Table.5.1). The FRF is linearly correlated to the stage of fruit growth and reduces 
with the advancement of ripening (Lavee et al., 1973 and Lavee et al., 1982). The 
reduction of FRF has also been influenced by the level of endogenous ethylene 
which increases with the development of the fruit (Lavee et al., 1982). cv. 
Manzanilla showed higher FRF than cv. Frantoio in both of the harvesting years 
(1.71- and 1.43-fold in 2013 and 2014 respectively) (Fig.5.2). The genotypic 
differences cause the variability in FRF between cultivars (Lavee and Haskal, 1976). 
The thickness of stalks differs in cultivars that also differ according to the size of the 
fruit within the cultivar which shows a declining trend with the progress of fruit 
growth (Lavee et al., 1982). 
      The fruit removal force reduced significantly with the increase of the 
applied ethephon concentration. Ethephon penetrates the pedicels and releases 
ethylene to reduce the FRF (Ben-Tal, 1992).  Higher concentrations of ethephon 
assumed to be required to penetrate the thick waxy overlapping peltate trichomes on 
the olive leaves or fruit (Weis et al., 1988). FRF significantly reduced irrespective of 
the cultivar from one- to four-week advanced spray of ethephon (1500 mg L-1). 
      Higher concentrations (1000 – 3000 mg L-1) of ethephon significantly 
increased the ripening index of olive fruit (Fig.6.4 and Fig.6.5) through increased 
ethylene production (Chaves and De Mello-Farias 2006; Nath et al. 2006 and 
Tharanathan et al., 2006). The ripening index of both olive cultivars were 
significantly (P ≤ 0.05) increased in comparison to controls, by early ethephon 
treatment (four weeks before fruit harvest) (Fig.6.2). The ethylene produced by 
ethephon treatment at four weeks prior to harvest was effective on the fruit tissues to 
increase the RI, fruit abscission (%) and to reduce the FRF in both cvs. Frantoio and 
Manzanilla. Ethylene induces the abscission of leaves, flowers and fruits (Abeles et 
al., 1971; Jackson and Osborne, 1972; and Henry et al., 1973). The growth stage and 
ambient conditions including temperature and relative humidity affect the extent of 
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ethylene penetration into the plant cells and rate of ethylene evolution from the 
decomposition of ethephon (Ben-Tal and Lavee, 1976a, b; Flore and Bukovac, 1982; 
Olien and Bukovac, 1978, 1982; Beaudry Kays, 1987; and Kays and Beaudry, 1987). 
El-Tamzini et al. (1980) also reported a maximum of 73% reduced FRF when olive 
trees were treated with 1250 mg L-1 ethephon two weeks before harvesting. 
      Moisture content of olive fruit decreased from first to fifth harvest (from 
57.57% to 51.48%) and cv. Manzanilla showed higher moisture content than cv. 
Frantoio (1.19-fold in both years, Fig.5.3). From the current study it was revealed 
that the percentage rainfall was low in 2014 during the growing period of the fruit in 
that year. Water is a major component of olive fruit comprising more than half of the 
total fruit weight and varies according to the variation of seasonal rainfall and 
cultivar (Beltrán et al., 2004). The ripening of olive is affected by the cultivar and the 
environmental factors (Lavee et al., 1990). Lowest moisture content in the driest 
harvest year (2014) due to water stress conditions is supported by Lavee et al. (1991) 
and Ortega et al. (2001). On the other hand, a decrease of moisture content can also 
be related to the progressive increase of the oil content during fruit maturation 
(Sánchez and Fernández, 1991). 
      Fruit and leaf abscission (%) increased significantly (P ≤ 0.05) with the 
increase of applied ethephon concentration in both cvs. Frantoio and Manzanilla in 
2013, 2014. The effect of abscission agents has been reported to reduce fruit-
detachment force and increase harvest efficiency with ethephon (Barranco et al., 
2004 and Ferguson et al., 2010). Ethylene evolution seems to parallel to the applied 
concentration (150 mgL-1) ethephon (Banno et al., 1993). Ethephon induces fruit 
abscission through accumulation in the pedicel-fruit basin and leaf surface which 
ultimately penetrates into the plant system to enhance the ethylene production (Reed 
and Hartmann, 1976; Polito and Lavee, 1980; and Weis et al., 1988, 199l). Touss et 
al. (1995) claimed that the most suitable concentration of ethephon is 1250 to 1875 
mg L-1 which is in agreement with the observation from the current study. 
      Oil content (% dry weight) in olive fruit significantly increased (1.07- to 
1.10-fold) from first to fifth harvest in both years and cv. Manzanilla showed higher 
oil content (%) than cv. Frantoio (1.01-fold) (Fig. 5.4). Availability of water or its 
stress largely influences the development and oil content of the olive fruit (Lavee et 
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al., 1982 and 1990; Barone et al., 1994; Tombesi, 1994; Inglese et al., 1996). Oil 
content in olive fruit showed an increasing trend until late harvest time in both cvs. 
Frantoio and Manzanilla (Fig.5.4).A similar observation was reported by Beltrán et 
al. (2004). The two cultivars also differed significantly for oil content on a dry 
weight basis which is a genotypic characteristic (Beltrán et al., 2004). The lowest oil 
content was found in the low rainfall crop year, 2014 which is similar to the findings 
reported by Ortega et al. (2001) for water stress conditions.  
      The time of ethephon treatments did not show significant effect on the free 
fatty acids and peroxide values of cvs. Frantoio and Manzanilla olives (Table.7.2). 
Similar findings were reported by Ahmed et al. (1981) while they conducted a study 
with cv. Coratina olive by spraying ethrel at two weeks before harvesting the fruit. 
8.2.1. Effect of ethephon concentration on ethylene production 
Ethephon treatments significantly increased the production of ethylene in both 
cultivars and higher concentration of ethylene was recorded from the fruit treated 
with higher concentration of ethephon (Fig.6.1). Ethephon is an ethylene-releasing 
chemical (Martin et al., 1981) which induces ethylene from the fruit of treated plants 
(Banno et al., 1993). Ben-Tal (1992) also reported that, a small portion of applied 
ethephon penetrates the pedicels and releases ethylene responsible for increased 
ethylene in the treated fruit. 
8.2.2. Effect of harvesting time, concentration and time of application of 
ethephon on biochemical parameters:  
8.2.2.1. Free fatty acid and fatty acids compositions 
The fatty acids showed significant increase or decrease with the delay of harvesting 
from first to fifth in both of the years and irrespective of the cultivars (Fig. 5.11, 
5.13, 5.15 and 5.17). Higher level of oleic acid and MUFA/PUFA ratio was recorded 
from early harvested fruit (mid- to late-April) (Fig.5.23). The concentration of fatty 
acids in the oil may differ due to the effect of environmental factors in the cultivation 
year and stage of fruit growth or maturation (Salvador et al., 2003 and 
Anastasopoulos et al., 2011). The free fatty acids at the later stage of ripening 
increase with the increase of lypolytic enzyme activity in the flesh (Anastasopoulos 
et al., 2011). The decrease in the level of oleic acid and increase in linoleic acid were 
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observed due to the activity of the enzyme oleate desaturase which converts oleic 
acid into linoleic acid (Gutierrez et al., 1999). This inter-conversion of oleic and 
linoleic acid is accelerated by water stress which ultimately reduces the MUFA: 
PUFA ratio as reported by Gómez-Rico et al. (2007) and Dag et al. (2014). The 
present study also observed similar results where the fruit harvest in 2014 faced a 
water stress due to low rainfall. The oils from cv. Manzanilla showed higher levels of 
free fatty acid, stearic acid, oleic acid, MUFA and MUFA:PUFA ratio (Fig. 5.8, 5.14, 
5.16, 5.20 and 5.24). Higher levels of peroxide value, palmitic acid, linoleic acid and 
PUFA, were observed in cv. Frantoio (Fig.5.10, 5.12, 5.18 and 5.22). The variation 
between the two cultivars in respect of the fatty acid profiles is due to their genetic 
differences (Stefanoudaki et al., 1999; EEC, 2003; Gómez-González et al., 2011; and 
Manai-Djebali et al., 2012;). 
      Ethephon treatment (2000-3000 mg L-1) significantly increased the level of 
fatty acids than the control in both years. Ethephon treatment enhances the fruit 
maturation and ultimately affects the oil quality (Ismail et al., 1999) which has been 
expressed through increased (palmitic acid, stearic acid, linoleic acid and PUFA in 
both cultivars in both years; MUFA in cv. Manzanillain in 2013) or decreased (oleic 
acid in both cultivars in 2013 and in cv. Frantoio in 2013; MUFA/PUFA ratio in both 
cultivars in both years) levels of fatty acids from the increased concentration of 
ethephon treatment. However, some stable or non-significant changes in some of the 
fatty acids (oleic acid in cv. Manzanilla in 2014; MUFA in cv. Frantoio in 2013 and 
cv. Manzanillain in 2014) were also observed due to the effect of ethephon 
treatments. This might be due to similar macroclimatic conditions for the treated 
olive trees and this observation is in agreement with Ranali et al. (1999) and Faila et 
al. (2002) findings. 
      The average concentration of palmitic acid, stearic acid, linoleic acid and 
PUFA significantly (P ≤ 0.05) increased in both cultivars by ethephon (1500 mg L-1) 
spray application from one- to four-week prior to harvest than control. However, the 
ethephon application periods did not show significant differences among them for 
individual fatty acids (Fig.6.15, 6.17, 6.21 and 6.25). From the study it resembles that 
the ethephon spray affects the concentration of fatty acids in comparison to the 
control fruit but there is little or no significant effect of ethephon application time on 
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fatty acid concentrations. Touss et al. (1995) also reported non-significant effect of 
ethephon treatments while they treated Arbequina cv. olive trees at 12 days before 
harvest with different concentrations of ethephon. Moderate effect of ethephon on 
palmitic, linoleic and oleic acids was also reported by Cimato (1988). Lavee and 
Haskal (1975) treated cv. Nabali olives with ethephon at 1500 mg L-1 and did not 
observe any effect of ethephon on neither colour nor taste of the oil. 
8.2.2.2. Peroxide value 
The peroxide value increased with the increase of applied ethephon concentration in 
both years and in both cultivars. The ethephon enhanced the ethylene production 
from the treated fruit which ultimately increased the peroxide value (Yousfi et al., 
2009). However, decrease in peroxide value has been reported by Tovar et al. (2001), 
Salvador et al. (2001) and Baccouri et al. (2008) where they claimed that the activity 
of lipoxygenase enzyme decreases as the fruit ripening process advances. The 
increased level of ethylene produced from the fruit has increased the activity of 
lipoxygenase enzyme activity in ripening olive fruit (Griffiths et al., 1999 and Sheng 
et al., 2003). 
8.2.2.3. Polyphenolic compounds 
A significant gradual decrease was noted in (Fig.5.25, 5.27 and 5.29) polyphenolic 
compounds from first to fifth harvest in both harvesting years irrespective of the 
cultivars (Table.5.2). Higher total polyphenols was noted in the fruit harvested 
during mid-April to late-April (Fig.5.31). The concentration of phenolic compounds 
varies according to the maturation phase of the fruit (Anastasopoulos et al., 2011). 
The total phenols increase progressively and decrease in the final ripening stage 
(Baccouri et al., 2008). The concentration of polyphenolic compounds was 
comparatively high in the fruit harvested in 2014 (Fig.5.30) when less rainfall was 
recorded (0.00 to 8.10 mm) than 2013 (2.00 to 56.5 mm) during the growing period 
of the olive fruit. Similar observation was reported by Patumi et al. (2002) and 
Gómez-Rico et al. (2007) and Anastasopoulos et al. (2011). Differences in the level 
of water content of the fruit could imply a different solubilisation of phenols (Allogio 
and Caponio, 1997). The amount of water in the fruit also controls the activity of 
enzymes responsible for phenolic compound synthesis (Morello et al., 2005). A 
linear correlation between polyphenols and water stress was also observed by Tovar 
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et al. (2002), Gómez-Rico et al. (2006), Dag et al. (2008), Ben-Gal et al. (2011) Vita 
Serman et al. (2011) and Caruso et al. (2014). The two cultivars also showed 
significant differences for phenolic compounds. The variation of phenolic 
compounds in different cultivars is also related to the genetic variations among them 
which were reported by Aguilera et al. (2005), Vinha et al.(2005), Manai-Djebali et 
al. (2012) and Dağdelen et al. (2013). 
      The concentration of polyphenols (tyrosol, hydroxytyrosol and oleuropein 
aglycon) decreased in both cultivars and both years with the increase of the applied 
ethephon concentration (Fig.6.29, 6.31, and 6.33). Decrease in the major phenolic 
compounds with the progress of olive fruit maturity has also been reported from 
different studies (Skevin et al., 2003; Rotondi et al., 2004; Yousfi et al. 2006; 
Baccouri et al., 2007 and Riachy et al., 2012). According to Amiot et al. (1989), this 
decrease is correlated with the increased activity of hydrolytic enzymes during 
ripening. Exposure to ethylene results in higher polyphenol oxidase (PPO) activity 
(Couture et al. 1993; Peng and Yamauchi 1993) which readily oxidises the soluble 
phenolic compounds (Ke and Saltveith 1988). The effects of ethephon in the current 
study were similar to ethylene effects on PPO activity. The concentration of 
individual and total phenols in 2014 was comparatively high when the average 
rainfall was less in 2013. Water availability has a large effect on the phenolic profile 
of virgin olive oil (Gómez-Rico et al., 2007; Servili et al., 2007; Ripa et al., 2008 and 
Tura et al., 2008). Yousfi et al. (2006) noted higher amounts of different phenolic 
compounds in the oils obtained from the fruit harvested in the low rainfall season 
than those obtained in the season with double rainfall.  
      The mean levels of polyphenols (hydroxytyrosol, tyrosol, and oleuropein 
aglycon) in cvs. Frantoio and Manzanilla significantly (P ≤ 0.05) decreased with the 
pre-harvest spray application of ethephon (1500 mg L-1) four weeks prior to harvest 
compared to the control. However, the ethephon application periods did not show 
any significant effect on the concentration of phenolic compounds in the virgin olive 
oil (Table.7.4). The phenolic compounds differ mainly according to crop year, 
maturation phase and cultivation method (Anastasopoulos et al., 2011). There is 
limited number of published reports on the effect of ethephon application period on 
phenolic composition of virgin olive oil. The pre-harvest application of ethephon (4-
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weeks prior to harvest) showed lower concentration of phenolic compounds in the 
virgin olive oil. This resembles the effect of the evolved ethylene from the applied 
ethephon and correlates with the increased activity of hydrolytic enzymes during 
ripening to reduce the concentration of phenolic compounds (Amiot et al., 1989; 
Yousfi et al. 2006 Baccouri et al., 2007 and Riachy et al., 2012). Early exposure to 
ethylene results in higher polyphenol oxidase (Peng and Yamauchi 1993) which 
readily oxidises the soluble phenolic compounds (Ke and Saltveith 1988) and later 
application of ethephon does not show significant changes on this declining trend.  
8.2.3. Effect of harvesting time, concentration and time of application of 
ethephon on sensory attributes 
The sensory attributes (fruitiness, bitterness and pungency) of the virgin olive oil 
decreased gradually from the first to fifth harvest time irrespective of the cultivars in 
both harvesting years (Fig.5.33, 5.35 and 5.37).  Virgin olive oil from cv. Manzanilla 
showed greater bitterness and pungency and lower fruitiness than that from cv. 
Frantoio. The least bitterness and pungency were recorded during mid-June and the 
most fruity oil was obtained from the fruit in early harvest of Frantoio (mid-April) 
and late harvest of Manzanilla (mid-June). The sensory properties of olive fruit are 
influenced by the ripeness status and variety of the fruit. Similar variations in sensory 
profile have been reported by Angerosa et al. (2004), Rotondi et al. (2004), Servili et 
al. (2004), Tripoli et al. (2004) Kalua et al., (2007) and Delgado and Guinard (2011). 
Higher phenol content in the fruit of Manzanilla may be ascribed for its higher 
bitterness and pungency (Bendini et al., 2007). More bitterness was observed in the 
fruit harvested in 2014 while there was a lower amount of rainfall during the growing 
period of fruit. Similarly, the findings of Cinquanta et al. (1997) indicate that the 
ripeness of the olives along with pedoclimatic conditions influence the quality 
attributes of virgin olive oil. 
      The sensory attributes showed significant decrease in both years and 
cultivars cvs. Frantoio and Manzanilla with the increased concentration of ethephon 
applied (Fig.6 37, 38 and 39). Phenolic compounds are highly correlated to 
organoleptic characteristics of olive oil (Andrewes et al., 2003 and Beltrán et al., 
2007). The amount of phenolic compounds decreases with the progress of maturity 
(Yousfi et al., 2006 and Riachy et al., 2012) and due to the effect of ethylene 
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enhanced by the ethephon treatment (Couture et al. 1993; Peng and Yamauchi 1993). 
These differences are attributed to chemical reactions and enzymatic activities, such 
as glycosidases, phenol oxidases or phenol polymerases (Ke and Saltveith, 1988). 
Yousfi et al. (2009) also reported decreased bitterness when he exposed modified 
atmosphere (MA) stored olive fruit to 30 mgL-1 ethylene.  
The sensory attributes showed significant (P ≤ 0.05) decrease in both olive 
cultivars from one- to four-week pre-harvest spray of ethephon (1500 mg L-1). 
However, the ethephon application period treatments did show significant 
differences among them for sensory attributes. Higher average values of these 
attributes were also noted in Manzanilla olive oil than Frantoio (Table.7.5). There is 
no published report on the effect of spray period of ethephon on the sensory 
attributes of virgin olive oil. The pre-harvest application of ethephon at four weeks 
before harvest significantly reduces the concentration of phenolic compounds which 
consequently reduces the value of sensory attributes. Decreased bitterness of virgin 
olive oil was also reported by Yousfi et al. (2009), however, the effect of ethephon 
spray period on fruitiness is not clear which warrants further investigation. 
 
8.3. Conclusion 
The physical, biochemical and sensory properties of the olive fruit and oil showed 
variations according to the days after flowering, delay of harvesting, genetic 
differences between the cultivars, concentration of applied ethephon and the 
environmental factors such as water stress during the growing period of the fruit. The 
fruit of cv. Manzanilla showed higher levels of fruit removal force, moisture content 
(%) and oil content (% dry weight) than cv. Frantoio. Lowest moisture and oil 
content were observed in the driest harvest year, 2014. At the later stage of ripening 
the increase of free fatty acids was observed which may be ascribed to the increase of 
lipolytic enzyme activity and lowering trend of peroxide value may be due to the 
decreased activity of lipoxygenase enzymes. A significant gradual decrease was 
noted in major polyphenol compounds during the growing of olive fruit. The 
concentration of phenolic compounds was comparatively high in the fruit harvested 
in 2014. The sensory attributes varied from the first to fifth harvest. They degraded 
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with the delay of harvesting and water stress may have influenced the bitterness of 
the fruit in 2014. 
      The level of ethylene production, ripening index, fruit and leaf abscission 
and peroxide value of olive oil increased significantly with the increase of applied 
ethephon concentration in comparison to the control. Among different fatty acids, 
significant increase was observed in most of the cases, however, the level of oleic 
acid, MUFA and MUFA/PUFA ratio decreased with the increase of ethephon 
concentration. Concentration of different polyphenols (hydroxytyrosol, tyrosol, 
oleuropein aglycon, and total polyphenol) and level of sensory attributes (fruitiness, 
bitterness and pungency) decreased significantly with the increase of ethephon 
concentration and none of any virgin olive oil (VVO) defects were found. However, 
there was no effect of ethephon on the fruit moisture (%) and oil (% fresh and dry 
weight basis) content of the olive fruit. Among the applied concentrations of 
ethephon, 1000 to 2000 mg L-1 in 2013 and 1000 to 1500 mg L-1 in 2014 did not 
show significant differences for the studied parameters.  
      Significantly increased RI (4.84), fruit and leaf abscission (95.92% and 
27.44%), free fatty acids (0.42%), peroxide value (11.02 meqO2 kg-1), palmitic acid 
(13.19%), stearic acid (4.19%), linoleic acid (11.12%) and PUFA (11.60%) were 
observed in VOO when the olive trees were sprayed with ethephon at four weeks 
before harvesting. Significantly reduced phenolic compounds and sensory attributes 
were also noted from this treatment. However, the treatments did not differ 
significantly among themselves in respect of their effects on the parameters.  
      In conclusion, this study indicated that the most suitable time for olive 
harvesting is late-May to mid-June, best suitable concentration of ethephon to treat 
olive trees is 1000 – 1500 mg L-1 and suitable period of ethephon spray to olive trees 
is at least two weeks before harvesting the fruit under south-western Australia. 
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8.4. Recommendations 
From the conducted experiments the following recommendations may be made for 
the olive industries in south-western Australia- 
• The most suitable time for cvs. Frantoio and Manzanilla olive harvesting in 
south-western Australia might be as late-May to mid-June for best quality of 
olive oil. 
• The most suitable concentration of ethephon to treat olive trees in south-
western Australia might be 1000 – 1500 mg L-1  
• And the most suitable period for ethephon treatment to olive trees in south-
western Australia might be at least two weeks before harvesting the fruit. 
8.5. Future Research 
• Effects of harvest time on physical, biochemical and sensory attributes of 
olives and oil in other commercial cultivars such as Kalamata, Picual, 
Leccino, and Coratina, grown at different locations in south-western Australia 
are yet to be investigated. 
• To facilitate mechanical harvesting, the effects of application time of 
ethephon on physical, biochemical and sensory attributes of olives and oil 
and reduction of leaf abscission induced ethephon application in other 
commercial cultivars grown at various locations in south-western Australian 
conditions warrants to be investigated. 
• Ethephon application generally promotes flowering in fruit trees. Effects of 
application of ethephon on return bloom and alternate bearing in commercial 
cultivars of olive grown at various locations in south-western Australian 
conditions warrants to be investigated over a number of years. 
• Influence of harvest time and application of ethephon on other quality 
parameters such as sterols and tocopherols in virgin olive oil are worthy of 
investigations in the future. 
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Appendix 1: Quality standards of the four main classes of olive oil 
 
 
 
Source: International Olive Council (2007) 
 
 
 
 
Quality parameters 
Classes of olive oil 
 
 
Extra Virgin 
Olive Oil 
(EVOO) 
Virgin 
Olive Oil 
(VOO) 
 
Olive Oil 
(OO) 
Pomace 
Olive Oil 
(POO) 
Acidity level 
(% m/m oleic acid) 
 
≤ 0.8 
 
≤ 2.0 
 
≤ 1.0 
 
≤ 1.0 
Peroxides value 
(mEq/kg oil) 
 
≤ 20 
 
≤ 20 
 
≤ 15 
 
≤ 15 
K232 (%) ≤ 2.50 ≤ 2.60 N/A N/A 
K270 (%) ≤ 0.22 ≤ 0.25 ≤ 0.90 ≤ 1.70 
C16:0 (%) 7.5-20.0 7.5-20.0 7.5-20.0 7.5-20.0 
C18:0 (%) 0.5-5.0 0.5-5.0 0.5-5.0 0.5-5.0 
C18:1 (%) 55.0-83.0 55.0-83.0 55.0-83.0 55.0-83.0 
C18:2 (%) 3.5-21.0 3.5-21.0 3.5-21.0 3.5-21.0 
 
